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PREFACE

Several members of NATO have commenced the development of new fighter aircraft which arc to be introduced into

operational use in the latter part of the 1990s. Thesc future fighter aircraft will he very agile, capable of sustaining +9 (;z,

and will employ very advanced weapons systems. In order to avoid ovcrloadiltg the single pilot there will be extensive use of
auitornatic operation of the aircraft systems, the engines aad the weapon,. Multi-ftiction coloured displays will be used in the
cockpit together with aural warnings and voice operated devices. 'he pilot will b provided with an excellen, external view
and, although he will employ helmtnc miounted displays and sights, he will still bt relquired in .some situations to detect,
identify and attack targets using his unaided vision. In addition, the aircraft may he operated in a chemical warfare
environment when the pilot will be required to wear protective equipment.

The performance of these new fighter aircraft and the manner in wLich the) will be operated requires a very high level
of performance from the pilot who will at times be highly stressed both physicall[: and mentally, The pilots selected and
trained to operate the futurt, fighter aircraft will require a high standard of medical and perhaps physical Fitness. In addition.
the physiological training given to these pilots should probably differ from that used at present by many NATO air forces.
There was, therefore, a clear need to review the medical selection and physical aid physiological training which should be

used for .his group of pilots. Those air forces which are operating the F- 15, F-1 6 and Mirage 2000 aircraft have already had
to amend their medical selection and physiological training procedures. The Aerospace Medical Panel decided, therefore,
that it would be appropriate to hold a symposium to review and highlight the mejical selection and monitoring procedures
which should he used for pilots of future fighter aircraft. The symposium also considered the physiological and physical
training which should be provided for future fighter pilots.
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TECHNICAL EVALUATION REPORT

By
Air Commodore J Ernsting OBE

RAF Institute of Aviation Medicine, Farnborough, Hants, UK

INTRODUCTION

-The Aerospace Medical Panel symposium on "Medical Selection and Physiological Training of Future
Fighter Aircrew" was held tit the Zappeion Exhibition Hall, Athens, Greece on the 25th and 26th April 1985.
Authors from five NATO countries presented twenty-three papers.

THEME

The theme of the symposium was the medical selection and physiological training of airorew who are to
operate the high performance fighter aircraft which are to be introduced Into service in the 1990s and
beyond. The Special Clinical and Physiological Problems in Military Aviation Committee of the Aerospace
Medical Panel recognised in 1983 that the high performance fighter aircraft recently Introduced into service
and under development within NATO, together with the Increasing emphasis on the requirement to maintain air
operations in the presence of chemical and biological warfare agents, require a very high stAndard of
performance from the airerew in the face of increasing environmental stresses. Thle advent or such airacraft
which impose more intense and novel aviation stresses and the environment in which they fre to operate
raised questions with respect to the medical and physical fitness of the airerow who arc to fly them. The C
Committee alse recognised that the advent of these new fightr~r aircraft required a review of the
physiological training which these airerew should undergo. The Committee recommended to the 40th Business
Meeting of the Aerospace Medical Panel, which was held in October 1983, that the Panel shoild hold a

symposium on the medical selection and physiological training of future fighter airerew. This recommendation
was accepted by the Panel and NM6dircn General Inspecteur J Colin (FR) and Air Commodore J1 Frnst;ng (UK)
were appointed Session Orgenisers of the symposium. The call for papers was issued by the AMP Executive in
May 1984. A total of twenty-five abstracts were received, of which twenty-one were eceepted. Two
introductory papers on future fighter aircraft, one from France and the other from the United States, were
by invitation. The progr.,mme for the symposium was finalised by the Session Organisers early in October
1984.

"PURPOSE AND SCOPE

The purpose of the symposium was to discuss those aspects of the medical selection and physiological
and physical training of airerew which were considered to be important with respect to the performance
required of nirercw operating new and future fighter aircraft, Areas of medical selector which are ofK •. importance here relate to the high sustained accelerations to whicih the airerew may be exrosed, the need for
very high visual performance in relation to target detection and recognition, and the new forms of visual
displays which they will be required to use. Aspects of physiologcal and physical training which are of
importance relate again to the high sustained accelerations and potentially disorientating environment the

Z_• aircrew will be exposed to in these aircraft and the need for the airerew to receive detailed, systematic
L3-:- training in how to maintain performance in shese environments, and how to use sophisticated visual

enhancement devices and the complex personal equipment required to protect against chemical and biological
warfare agents.

The major features of the environment of aircrew operating new and future fighter aircraft defined
naturally the scope of the symposium. Thus the need to ensure that aircrew are physically fit to operate in
the high sustained acceleration environment and to avoid cardiovascular disease led to consideration of
c cardiov%:ciular selection techniques. This feature of the environment also warranted consideration of the 5
physica, .tamina and special physiological training necessary to enable airerew to operate high performance
combat aircraft. The continuing emphasis on vision as the primary pathway whereby ailrerew receive
irforfntlr, concerning their environment and the evolution of new techniques for assessingR viquil function
warranted considerable attention to this special sense, The provision of protection against chemical andIF:'.dvcsldt osdrtos ftepyilgcltannrqirdb hs ie~.Tevr.hg aityIi.
biological warfare agents and other hazards such as nuclear flash blindness and the use of visual enhancement
devices led to considerations of the physiological training required by these airorew. The very high agility5
which will be a feature of future fighter aircraft makes disorientation, which is already a serious problem In
aircraft such as the F-16, an even more prominent potential cause of impaired performance and accidents.
These considerations led to the need for the methods of physiological training of aircrew to be roviewed
during the symposium. The symposium organisers recognised that experienced already gained with new fighter
aireritt recently introduced Into service such as the F- Ii, the F-18 and the Mirage 2000, provided a firm
basis for the prediction of problems which may arise In future fighter aircraft and the medical selection and
ph,lsiological traihing procedures which will be required to avoid and overcome them. Thus papers detailintg
current experience of the medical selection and physiological training of aircrew for the new generation
fighter aircraft such as the Mirage 2000, the P-16, the F-1i and the Tornado were Invited and inc!uded in•i•'ithe programme.

SYMPOSIUM PROGRAMME

The symposium comprised seven sessions as follows: 1 2

-Performance of Future Fighter Aircraft, which consisted tyr two papers descrlbing
those features of future fighter aircraft ra-e-t -tea -- th-e- -for --tOe
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The second ,sessst, Medical Selection . General, comprised two papers which presented an overview of

present medical select'on procedures with emphasis on those used for fighter airerew.

4'he 4hird-messio,. Medical Selection - Cardiovascular Aspects, covered the detection rnd prediction of
cardiovascular disease and the cardiovascular effects of high sustained aceeleratlon, It Included a very
valuable presentation on the way ahead with respect to those aspects of the selection and retention of the
pilots of high performance aircraft.

-The fourth -ession. Medical Selection : Vision Aspects, reviewed important aspects of vision, in
particular target acquisition and use of coloured displays, and the vision standards which are required of pilots
operating high performance fighter aircraft.

The fifth setsion, Medical Selection : The Spinal Column, considered the hazards to the neck and the
cervical portion of the spinal cord producec by the high acceleration environment and discussed methods of
detection and avoidace of cervical vertebral disease.

The sixth se•siou, Medical Selection And Training : Physical Fitness, dealt with the assessment of
physical fitness in airerew and its rqlation to performance in flight.

The -- seventh -sesson addressed the 6Sysiological training which should be provided to aircrew with
emphasis upon those who are to operate high performance combat aircraft.

TECHNICAL EVALUATION

It Is convenient and probably useful to present a technical evaluation of each of the seven sessions
which comprised the symposium and then to consider the major factors brought out by the symposium in the
concluding section of the evaluation.

Session I - Performnnce of Future Fighter Aircraft

The organisers envisaged the two invited papers which comprised this opening session of the symposium
as scene setters. The papers were to highlight those features of the fighter aircraft to be introduced into
service in the 1990s and beyond which will determine the environment in which the pilot will be required to
operate and the performance required of him. In view of present fighter aircraft development programmes

within NATO one paper was invited from the United States and the other from a European country Involved
in the development of the European Fighter Aircraft (EFA). The US paper (No 28) was contributed by

I Lieutenant Colonel Krobusek of the USAF Flight Dynamics Laboratory at Wright-Patterson Air Force Pase.
-i The "European" paper was contributed by France and the speaker, because of the considerable differences

which existed at the time of the symposium between the European air forces engamzcd in the development of a
i Staff Target for & European Fighter Aircraft, confined his presentation to a discussion of the French combat

aircraft for 1995. Athough there arc some differences of emphasis in the operational requirements and

technical solutions to those requirements between the French Air Force on the one hand and the German,
Italian, Spanish and British Air Forces on the other, the overall requirements, and particularly those of
aeromedical interest, are very similar. It was possible, therefore, to gain a reasonably balanced picture of f
those aspects of the performance and the operational roles of fighter aircraft to be Introduced into the
NATO air forces in the 1990s, which affect the pilot and may be affected by his performance.

The paper (No 27) by Colonel Viant, a member of the French Air Staff, described the new combat
aircraft which France intends to int'oduce into service in 1995. This aircraft is to be highly agile with equal
priorities being attached to the air-to-air (air superiority fighter) role and the air-to-ground (ground attack)
role. In this respect the French requirement differs from that of the other European NATO air forces
involved in the EFA programmr. The latter (GE, IT, SP and UK) place primary emphasis on the air-to-air role.
with the air-to-ground role being a secondary function of the aircraft. In the air-to-air role the aircraft is to
be able to intercept and destroy enemy fighters both beyond visual range and in close combat, and to destroy
bombers and helicopters. In the air-to-ground role the aircraft is to be able to attack airfields, enemy ground
forces and armour and battlefield interdiction targets. The aircraft must operate effectively under all weather
conditions both by day and by night and in the electronic warfare environment which is predicted for the
1990s. Although ideally the performance of these very demanding tasks requires a crew of two, all the
European air forces involved in the EFA programme have opted for a sangle seat aircraft for cost reasons.
The future fighter ai graft of the USAF is also to have only one crew member. It is argued that advances in
cockpit and system design will allow a single crew member to carry out all the tasks demandeo of him. There I

A - =is no doubt that one of the maeor human factor problems of these new aircraft is the danger of excessive
workload for the pilot, a subject which has been considered in another symposium held recently by the

S-. Aerospace Medical Panel "Iluman Factors Considerations in hligh Performance Aircraft" (AGARII Conference
:i {Proceedings 371, 1984).

in order to outclass future enemy fighters the new fighter aircraft (EFA and the USAF aircraft) is j
required to be lightweight, highly agile, have t. high Specific Excess Power, a high sustained turn rate end an
airframe capable of sustaining +9 Gz with full weapons and fuel load. It Is to he provided with In flight
fuelling and to be capable of sorties lasting up to 10 hours. Although It Is to be extremely agile, the EPA
will he conventional in that the accelerative forces applied in the Y axis will be negligible. It Is very likely,
however, that the USAF future fighter aircraft will incorporate direct side force and direct lift, the value of
which has already been demonstrated in the AFTI/F-16 progranie. With this technology the pilot will be
exposed to significant transverse accelerations,

The future fighter aircraft Is to be equipped with advanced radar and Air-to-air missile systems which
will permit the simultaneous engagement of several targets both beyond visual range and in close combat

, ~ conducted under direct vision. Many sireraft and weaponr functions which were previously under the direct
control of the pilot are to be automated. Thus the enginis are to be monitored and controlled automatically

:# as Is the performance of many other aircraft systems and system failures are to be dealt with automatically,
the pilot being Informed of the failure only when It affects the pcrformonce of the weapons system.1 ."11 Navigation Is also to be automated with automatic terrain following.

i 'g5viii
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THe cockpit of the future fighter aircraft is to provid.e exce'lent all round vision. It will Incorporate
tie lIOTAS (hlv,!ods on throttle and stick) concept, multifunction displays, and a wide angle HUlD (head up
display). Colour coding will be incorporated into the displays. In addition, some forni of helmet mounted
sighting system, probably Incorporating limited display of Information, will he nmploycd depending upon the
werapnns system to be used. Night vision goý'gles and forward looking infre-red sensors will be employed In
cefrtain scenarios. Spoech will elso be used as a means of communication between th, pilot and the aircraft
systems with voice control using single words.

Rloth authors recogniscd the Importance of providing adequate proteetior to the pilot aogainst chemical
wartfare agents. They concluded that considerable impro'rments in proteolve ensembles to reduce the

encumbrance which they impose on the pilot eve required. The authors also considered the need for
improvements to, protection against nuclear flash blindness, particularly when considering th-i use of night vision
goggles. There is a need for the development. of aovel methods of providing protection against this hazard.

The major novel features of physiological and psychological concern associated with the new United
States end Eurc0pean Fighter Aircraft as highlighted ii the two opening papers and the subsequent discussion
were as follows:

(1) The acceleration environment - the new aireraft will be capable of sustaining +q Gz with
very high cates of onset. The pilot, who may wet be wearing a helmet mounted cIghtfdisplay,
will require good all round vision even at high +Gz levels. The pilot will he exposed repeatedly
during air combat to high G applied very rapidly. Although not to be used in the EFA, a future
V= S fighter wilt almost certainly apply significant acceleration in the, Gy axis. All air forces
recognise the disadvantages of a fully reclPned seat as a means' of Improving tolerance of +4z
acceleration. In particular, the loss of panel space within the cockpli and restricted external
vision were 'emphasised in the USAF paper (No 2b). The French Air Force intends to use
moderate reclination of the seat (32' angle between seat back and vertical axis) combined with
elevation of the lower lirrbs. The other .PA patine.'s consider thet the advantages of a
conventional seat back angle outweigh tle sn,al increase in +Gz tolerance provided by an angle
of 32". Other methods of enhancing tolerance of +G7. acceleration under consideration aret
anti.spatory inflation of the G trousers and pressure breathing. The transverse accelerations which
will be experienced in a future USAF fighter will require, at a minimum, a shoulder pad restraint
system.

*.(2) Interaction between the pilot an(. the aircraft - the new aircraft will embody the philosophy
of full automation of all routine functious with the pilot's effort being devoted to management of
tactiec and decision making. (Th;s change is essential in order to avoid an unacceptable workload
on the pilot. Information on the aircrart and weapons systerec and that obtained from the aircraft
sensors will be presented through multifaienion visual display units (Vflt), a wide angle HUD and
a helmet mounted sight/display. The VDUs will employ colour. Direct vision will be enhanced by
"the use of night vision goggles. The cockpit design vl'i employ the HOTAS concept and voice
actuated controls. Depending upon the outcome of research at present underway, artificial
intelligence may be incorporated into tie control syst.ms with the aim of further reducing the

4 workload on the pilot. Ibis type of change to the man-machine relationship may well not be very
acceptable to present pilots and may well of Itself intr•duce stress.

W() External vision - in spite of .he advanced sensors and displays to bp incorporated In the
luti.re fighter aircraft, p:eat emphasis is being placed by the Air Staffs on the value of the
pilot being able to detect, locate and attack targets using direct vision. Good all round vision is"considered to be essential -nd yet helmet mounted devices are to be used and the crew member

It will be exposeu to high +Gz (and perhaps to ±Gy) accelerations.

(4) Protection against NBC hazards - the pilot will be required to operate in a chemical

warfare environment and will almost certainly be encumbered by personal protective equipment.

Protection of vision against flash blindness from the detonation of tactical nuclear weapons will
also be required in certain snenarios. Provision of proteetion against flash blindness requires

".•.4 either a helmet mounted device or a cockpit with only a small visual area.

(5) Increased safety - the systems of the new fighter aircraft will have increased redundancy
•-Vi and reliability. Attention is being given to the possibility of providing automatic recovery of a
U. i• -nrablo flight condition in the event that the pilot loses control due to the effects of high +Gn"acceleration or dIsorientation.

Session II - Medical Selection : General Aspects '.

The two papers (No 29 and 30) comprising this session dealt with the general aspects of the medical
selection of aircrew with emphasis on aircrew who are to operate fighter aircraft. The papers drew on the
experience of recent changes In selection procedures in the Canadian Forces (CF) and In the United States
Air Force. In the relatively small CF air force there is a policy that all pilots must be capable (medically)
of performing all piloting duties, a state of affairs very similar to that which exists In many of the smaller
NATO air forces. The USAF has, since 1981, Introduced a categorical medical waiver system which allows
airerew who are unfit to fly high performance fighter and attack aircraft to continue to operate, provided
that they are fit to do so, tanker, transport and bomber aircraft, In the longer term the USAF Is considering
Introducing special medical selection tests for fighter and attack pilots.

General Dellart's paper (No 30) highlighted the experience of the Taeticma Air Command that human
factors variables contributed to two-thirds of the ]prases of USAF fighter and attack aircraft in IMEý.. Spat'al r %t r'
disorientation and G induced loss of consciousness are considered to be the most p-ominer. causes of
accidents. The author emphaslsed the Importance of adequate medical selection and of physiological training in
reducing the incidence of serious accidents and improving the performance of the fighter pilot. Improvements
"in selection procedures and stricter criteria of fitness for fighter pilots were estiablised in tr e USAF in ITe

period 1977-1971) aind several of them were adopted in 1981/82. The medical selection, procedures for aircrew

V



in the Canadian Forces have undergone major changfes in the last few years. lieutenant Colonel 
t ;ray

described the oe.- procedures inl his papper (No 29) together vih selection orocedrres which are at present
being evaluated by the Canadian Centoal Medical Board. As with the recent changes in medical selection
procedures in the USAF, the procedures adopted by the CF are aimed at improving the ability of pilots to
operate high performance fighter aircraft.

Both the USAF and the ('CF have instituted proeedures designed to reduce the incidence, of coronary
urtery disease In airerew, Major cordiovascular risk factors are determined although, as pointed out by Colonel
Ifickman in the discussion of these papers, the only factors likely to be of value in young men are the blood
lipid concentrations. Fehoeardlogr.plrv has recently been Introduced as thti most valuable non-invasive tool for
detecting rtructural cardiac abnormalities in clinieally normal individuals. The USAF is employing this technique
routinely in the s.clnotion of fighter pilots whilst the CF are coimnincing a clinical trial to study its value as
a sernening tool for pilot eandidates.

The need for fighter pilots to have a very high standard of vision has led to revision of visual
standards and the search f r improved methods Of measuring visual performanee. Until 1982 the tISAF
operatd a waiver .olicy fr': reduced visual acuity, eandidat-s with 20/SI) VA being accepted routirely for
pilot training. In 19RI, 38% of g-adriate officers underg',,,- pilot training wore correetive flying spaect&.,tes.
":Oince 1982, all pilot candidntes in the USAF 'sve bee (.leuired to have 20/20 VA. Both the USA? and the
CF arc investigtating the value of determining contrast sensitivity using sine wave gratings. The Canadian
Central Medical Board has already found the technique to be of value in diseovering undetected ocular
disease. The value of measurement of contrart sensitivity was explored more fully in Session IV of the
symposium.

The US AI. has naso considered the introduction of additional medical selection procedures for fighte'
iilots related to the high +G%. levels to which they are exposed. In addition to the cardiovascular system
sattkintion w-as directed to the mu~sculo-skeletal system - particularly the cervical spine and the fech muscles.
The latter reflects the increasing incidence of moderate snd severe neck conditions occurring in figthter pilotn.
'The USAF is considering, but has not yet adopted, routine radlograpny of the cervical spine in she srleetion
of these pilots. Colonel Iliekmg , in the discussion, highlighted the cth;eal problem which arises in applying a
selection procedure which has an' element risk to a population, a significant proportion of which 'illt neyer be

sexposed to the hazard for which the selection procedure is introduced, tIe highlighted the aIvanRtngeg of n.
dual track pilot training syýstem where it is possible to limit the use of medical procedires which have ni,
element of risk to those pilots who have beon selected for flying in which the hazard exists. The CF have
also introduced pulmonary function testing of all airerew candidates Ainmed at detecting early disease of the
small airways on the promise that the stability of the small airwatys may affect a pilot's tolcianne of
sustained +Gz ar2cclerntion. The evidence to support the Rddition of this form of test is not strong although"nrany air forces employ tests of lung function in candidates with a history of aistimra.

Session Ill -. Medical Selection : Cairdiovwscular Asects

This session, which was devoted to the cardiovascular system, compri.sed four papers, one (No 31) from
the USAF School of AIkerospace Medicine which presa.led one philosopkhy for this asnec

t 
of the selection And

retention of fighter pilot. and three papers (No 32, 31 and 34) from the French Air Porce on specific aspectsi
of the subject. -,-

The USAF paper (No -). by Colonel Hickma..n and his colleaFgues gave an excellent r-slreeiive 0r the
philosophis on cardrnoveseustar selection And their Application in the USAF. ,The unrivalled, enliection of clinical
dF.an on aircrew which has been bt.2It up by the USAF School of Aerospace Medicine over the• last 3( venre
or so provided the basis for thim development of philosophies presented in this paper. The authors presenil
well argued cn-s for their view that cardiovascular selection procedure, for the young fighter pilot should be
based upon Ine resting electrocardiogram (both ambulatory and treadmill testing give rise to a lirre number of
false positive findinu(), the echoeardiogram to detect common structural defects of the heart and coron.ary
artery :,-Acase risk feetor Anelysis (including'. family history, hypertension and blood lipids). The authors also
consider the point in flying training at which specialised selection procedures for the fighter pilot snmh As
echocardiography should be carried out. They suggest, in a large air force such as tie USA!' which can
"afford to have a dual track system in which pilots are selected after completion of basic flyiing training for
advanced training as either fighter/atteck/reconnaissance pilots or tanker/transport/boarber pilots, specialisad a
mo-) medjeal selection procedures should he employed after the individual has beef selected for irining as ai

- I fighter/attack pilot, The economic and retention of airerew advantages of this approach are considerable. They
point out that the dominant fe-m of cardiovascular disease which may occur in fighter pilots once they have
been selected in this manner is silent coronary artery disease, and advocate recurring risk factor analysis in-

thsgroup. Invasive studlies 4o determine whether ain individual with A clinical or eeloarrrniI -' -}abnormality can qv .should he restricted] to fully trnined nirerew. Furthermore, ln,,ar-ive studies which carry tin
element of risk shr,:'ld only be used when this Is indicated by risk factor analvsis. Colonel Ifichman and his ,

colleatgues estim~ate that medical selection' for righter/attack pilot training ait thre advanced( flying trainin;g
stage will eliminate 5% of airerew of whom 801% will he fit for training in the tanker/transpurT/b0erber roles. .
This approach to the medical seleciLon and retention of fighter pilots is extremely attrt•ctive and many smaller

",air forces could well adopt it, albeit in A modified form.

WMdicin en Chef ile and iris colleagurs of the French Air Force reported (Paper No 32) the initial
mreuls of a study using cechocardik,7raphy in a group of thirty-two fighter pilots and a control Froup of pilots
operating transport aircraft. The two groups of pilots were well matched for age, weight al billy dimensions.
The althors did not, however, have information, on the smoking habits. physical activity and physical fitness of
the pilots. Ftehocardiography revealed borderline Abnormalities in eleven of the thirty-two fighter pilots and J,•;N
unsuspected tricuspid insufficiency in a twelfth fighter pilot. Four figlhter pilots had slight "ballooning" of the

| mitral valve Intt, the left atrium, whilst cigh: had a significant increase in the size of the right ventricle.
Four abnormal eohocardiograms were .'riend in the control group. Thrce control pilots exhibited 'oeilooruiag' of
Ithe mitral valve whils: the fourth, who had served as a fighter pilot In the pn'rt, had dilatation of the ight
ventricle. The increase in the dlmensiow-s of the right ve.tricle in the fighter pilots ývAo hlghry signifleant.
The authors suggcst that it may indicate either an adaptation to the high G environment or early myocar'll K,.

.disease. As wus brought out in the discussion, the changes in the right ventricle fLunt is the fighter pilots



could jpossibly be due to the greater physical fitness of this group As compnred with the controls. The
changes, with the exception of the ease of tricuspid insufficiency, were not considered to he such as tn
preclude a continuing career as a fighter nilot. The study provided var, good evidence of the potential value
of ethoeordiography and the authors strongly supported the USAF view that this technioue should be used in
the selection and monitoring of fighter pilots. Dr Ille and his collengues are to continue a longitudinal study
of these pilots. The results of the continuation of these echneardioeraphlc studies will be of great interest to
the neroinediral community. In the subsequent discussion of the wvlue of echocarodioraphv longiltudinna studies
of pilots exposed to high levels of +÷,. acceleration Colonel llickman advoeated that the ACART) Acrosnrce
Medical Porael should iniLiate an extensive study of this subject involving the NATO air foreps so that a large
pool of information on the possible cardiac effects of repented exposures to 407, can be collected in a
systematic and controlled manner.

TheP inciencee of cardiac arrhythmiss as recorded by electroeardiogrnphv during. exposn'i, to +Gz
anc,-leration wns reported in a paper (No 14) from the French Aerospace Medical laboratory at Pretigny. Dr
tlere mid hiq colleagues had xeamined three hundred and twenty-eight ECi, recorded from one hundred and
forty-six suhjects before, during and after exposure to plateau 4Gz Acceleration lasting 20-60 seconds at levels
from d to I C. I'hey were partieulary interested in the incidence and nature if a:rhythmias during the
recovery phase after the exposure to +07z, drnwing similarities between the state of the cardiovascular system
in this situation with that on the cessation of physical exereise. The authors found a high Incidence of
arrhythmias (59ý,. of trnaes), virtually all of which (94%) were supraventrioulr. The majority of the latter
were sinus arrhythmin or sinus bradycardia which occurred diring the recovery phase. None of the F-,
changes was associated with any change in the visual fields or level of consciousness of the subjects and the
occurrences of symptoms or signs of inadequate cerebral perfusion under +rz were not related to abnormalities
in the ECG. These authors did not see and did not discuss the occurrence of vasovegal syncope on exposure
to prolonged +Qz. They concluded that the occurrence of arrhythmias was of no value in predicting an
individual's tolerance of sustained +07 acceleration...

A very interesting study in which the FCG was recorded in flight on a total of thirtv¢-one pilots was
reported by M•d en Chef Seigneuric end t•ed en Chef Lcguay (Paper No 33). These authors employed the
standard 1linical Helter method to record continuous EGGs over a 24 hour period from seven pilots operating
stnaird 2000 aircraft ttotal 10 flight hours) end a group of fwentv-fotur pilots flying Mirage 3 and Fl aircraft
(total 39 flight hours). Average peak +Gz acceleration in the Mlira•ge 20011 was 6.6 C, (maximum 8.5 (;) and
4.7 G (maximum 6,5 G) In the flights in the Mirage 3 and Fl. Very few abnormal beats were seen in the
SECGs of either group. The striking finding was the relatively low heart rates recorded during +G,?r in flight
.(85-150 boats per min) as compared with similar exposures in the human centrifuge. Even the exposure to

apek acceleration of F.5 G in the Mirage 2000 only raised the heart rate to 105 heats per min. The average
-and maximum heart rates were considerably lower in the Mirage 9000 pilots than in those )pcrating the
Mirage 3/171 who were younger and who had had considerably less flight experience.

Session IV - Medical Selection - Vision Aspects

The importance of a high standard of vision in the fighter nilot to enahie him to detect, identify and
r attack targets in adverse as well as favourable environmental conditions and to use complex optical and

electro-optical devices was clearly stated in the prese -titions on the future fighter aircraft. The session
devoted specifically to the vision aspects of medica' selection comprised five papers. One of these examined1 •all aspects of vision and proposed entry standards for future fighter aRirrew, whilst the other four addressed
specifie areas of importance - colour vision and dynamic acuity.

S• The opening paper of the session (No 35) by Dr Brennan comprised a comprehensivo and well argued
view of the visual standards which should be set for pilots (and navigators) who are to operate fighter
aircraft. The emphasis in this paper was on the conventional methods of assessment of visual -erformance.
Pointers to areas where new techniques of measurement may be of vnlue were, however, also considered. Dr
Brennan presented the very strong case for imposing high entry standards so as to reduce to a minimumn the1 proportion of airerew under the age of 45 years who have to wear corrective lenses in flight. It can be
argued that in an ideal world the standards should be such that .io airerew less dhan 4f, year- old,
particularly those operating fighter aircraft, should require visual correction. Many air forces faced with
shortages of suitable candidates for flying training have not, however, insisted on these high standards.
Although over the last 10-15 years contact lenses have been advocated as the ideal means of correcting
visual deficiencies in aviators, trials conducted in the Royal Air Force have shown that this is not so in the
military environment. Dr Brennan proposed that candidates with any degree of myopia at all should not be
selected for training to fly future fighter aircraft. Colonel Price referred to a study connucted in the United I
States Army wrhich confirmed that rejecting all candidates with ainy degree of myopia would reduce the

•s . pronportilon ieiquirin.y visual correction for 0tis flight task to about 1%. In the area of specialised examination
techniques Dr Brennan advocated the measurement of stereopris and Improvenients in the methods of testing:
colour vison and of determining the ability of eandidate! to detect low contrast targets. Although the author

-Mill•: was not strongly in favour of the measurement of contrast sensitivity using sine wave gralings, other members.
of the symposium were of the opinion that this technique has considerable promise. The o.iteome of the
assessments of this method1 now being conducted by ttio Canadian Forces (Papler tNo 29) and the United States
Air Force are awaited with great interest,

Colour vi'sion has always been recognised as of importance to the aviator. The development of coloured
cathode ray tube (CRT) displrcys for use in aircraft led Medkiin en Chef Santutcc an0 his eolleagues to
investigate improvements in the methods of determining -colour vision. This group, working at thie French
Centre for Aerospace 'edical Research (CERMA) in Parir, reported in their paper (No 36) the measurement t..
of colour contrast sensitivity. They employed a ecleyired ORT to display contrast grrtings in red, green end i"',
blue. Gratingr were displayed to the subject for 2 second periods at six spatial frequencies and the subject
was required solely to indicate whether or not he saw the grating. The complete measurement (six spatial a
frequ-mncles In three colours) could b. canpieted for one eye in 25 minutes. Myopia, as migt he expected. 601
reduced the contrast sensitivity for the colour blue at the higher frequencies and this, attenuation wn-"e.bolisied by correcting the myopia. The CERMA group ear- continuing this study to determine the limits of
normal'ty and the vcl'ru of the technique as a selection tool. It Is likely that such a test, particularl] If the . . .
time Lie subjeet takes to res•pnd to the visual precr tatlon I. also measured, has considerable rtlevannee to"
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the Vir'lQ1 testi of the pilot of a fuLture flfgh.ter aircraft.

Static tests of visinr, which i.s essentially a dyanmic process, have sirifirnsfot limitations. Dr Wolfe and
!hiN col'agues at tU. UJSAtF School of Aerospace Medicine reported (Paper No 3V) the use of three tests of
the 1'dCity of individuals to aoozire and track targets. These tests aim to measure quantitatively oC,,lomotor-
vrstiulsr funetion •s revealed by elct'tro-oeulographie recordings of eye movements do: ing the tracking of a
moving target, and during sieut: idol inovements of the body (imposed by a turntable on which the s,,.Ieot is

oeated) ono by recordAnys oT .•ecadie eye mvovments 1.1y an infra-red refleetance technique durinp tracking of

c. target movitip In di.i;er-te jun.p,. lhe sauihorn concluded thet" is is now possible to describe quantitatively
beth the visual anod vestibular eontol of ocleomotior function. 'here is no doubt that such tests Are of value
in monitcring in UK indlvi', al the effects, fmr ,-.oample, of repeated exposures to high +G7, upon vestibular

* luiotlon- 7Their place in selection i more problematicai as there have been io frirmna studies relating
P .pIformanee et target detecti(,o and.. traeking. in flight to thusie :nessurelnents of oculoniotor function.

An impressive attempt tu btalii tiszful, correlations between labioratory tests of visual performance and
the air-to-s;r target performance of airorew In fligit is being emxiducttd by the Naval Aeiospnee Medical
Laboraiory at Plcnristcola. Ccrir.an.i; r Mnnaco presented twn papers (No 38 and 39) describing this programme.
A battery of vision tests whleh, Asasure centraI snot dltection, Pentral acuvity at high and low contrast with

-"and without gtrre, speed of acconin.odetion (fnr to near) A1nd detection of lateral movement of a target were
used. Mean stimulus thresholn togede.or with, in some tests, the mean threshold-stressed response time (the
"response lime to h target which the s~jeet c iuld "just see" correctly) were determined. A sophisticated
".eomputerlaed telemetry syst.-m at the Tacticeal Air Cormbat Training System range provided extensive data on
the flight and engineer;in ,"!tuus of obserre- mnd target aiircrAft during practice Air Combat Manoeuvres
($,CMI. The mith.r.s employed ;:hv dirert distance bretween the two aircraft at the instont at which the pilot
i"itially detected the target nirera't (slant range) as thp nieasurc of his air-tn-air tnrget performance. One

, study inyestigsited the perfo.ma7x,' of ninety-one piots ptrfnrming ACIt in P-f, A-4 and P-14 aircraft. It was
*•found, as wouid be expected, thet envi.onmentail and aireraft conditions such ss sun positin•,. cloud, speed and
direction of flight, and vr'rgct size hia ti greater effect on salflt range thirn the standard of vision of the
iJo~d hat pilot. SignIfieni' 'nstive correh, tioni were, however, established hetrecn slant range performanceI and the vli,.on tests, pnr'ieulh "ly the t'r+-.toli stressed response times thtaine, frotm tests of acuity at leoe
and high contrast, and t.Zah glare. 'I'his study and that reported in the su.lbsequent puper (0o 39) showed that
in grenerat, time to rngr,,)nd tin A trgqet whiMl' he oeild just -ee (threshold--.tressed rey.oonse time) was a
1.-tte, predictor of visor!I perforrmnca in the ais t.niait rnge) then the stimulus threshold. The authors
advre-te-d firther invcstJir'irn eC (Ve v.Ilue of thee ispunno time to a targ,",t JIst above thu threshold in
predicting visual pefurma,.ee ir ilight. ileie pupere, fri-n the Navel Aerospace Medical tResearch Laboratory
.well illustrate the great dlffiesltes,,4 w'dih sur'nund aYaserement of visusi performance in ;light. There is no
doubt, |ovweverl tiont such vsll6tion of t'sts ,f visiul perfori.snoe mist be conducted if ir,!provements are to
lbe majle in the selection enJ mon'iring eo this important dotcrminant of pilot perforniunce.

"!; ~Sessiun 'V - Medicsl Selection - the ('pteal Colu~mn"

-F.es perin n-Med i'thi tV-I t ofer slrcrt ft such _s ttw PAT h:,k hs. nmphsi,'me- thA eýffects of hiplh

+Cz upon the necl< muscles ene the cerv.cal srine. Two o•r.rs (No 411 imin 41) were k rese,,ted on medical
selection and ronitolan procedures rci.'lnd to "tie sesinel eolutin. OniY v limited nimber of the NATO 1dir
forces az present curry out routine 71,,,,grap:,y ,;, the spine iii the initial maical seclectic - of airorew, The
Prench Air Force does, however. perforr rsdivrapHs' n the conplet.o spine (eight radin..raphs) to exclude
tumours e'c ard eertain congenitr.i and aaq':ired detente, t f th, spine. '(le paper from the French Air Pocee
lNo 40) reviewed their pre.,sent stanidards and concluded that na change in ternm ,was, required. Tihe r:ther- paper
(No 41) in thir sesrion reviewed th-. erxrienre o& the Royal Nethnrlsnds Air Force which introduced spinal

, radiography in \182. Major van Dnlco emphasised the vailue o' irag,' ntenilfieation in thJi screening process
tis it reduces the radiation exposure to thits endidaOte to 1096 to ',"[ of that produced hi acorientional

arediogrqphy. Of two hundred n:rd twenzi-flve arddate strident piloXts ,sa0iao s ýince 1982, tbc Royal

Nethferlahds Air Forct has rejectad 211% for spinil, mainly vertebrnl ostcoehondritis arid sponrdylolysl/ly-rthesis,
visuaiised by radiogriphy. Over the same period hulf of on'. hundred mid nirnety-ci qualified fighter pllots
were founnr to have spinal disorders on ra'l!ograpny: .%k of thea : disJo'rders %,ere in the cervical spine;

., eighteen pilots lied cervical dise dineesa with osteophytes. A very pragTmatic approflh wen; Apiplhd to these

it findings in qualified fibl;ter niot.. Only four pilots were rejected for flying in the P.-li -' kll of these had
ce 'vicn dIs+ disease with osteophytes and a f'rdhrr three recelved a r; ... All, , he, e p1m cnn to ho
ex;aminod radiologIcally once a year. '[he major concers Is that ecrvieil dise disease nai, rncin 'mportnotly,; i.• osteoplyte.n may eortpress or darnag' l"•t spinal eord In ,he eorvierl vertebrol ennal. 'This Is obviously tin ar-ea

-of consideruble eronnor, although the voren-t selection criterin have yet to be h et,iiillshed. 'Th: importance of

.24 the strengki of the spinal muscles and espweially those. of the. neck t.s the prevention of Injury to the spine
4'' iWOaS emphasised by the speakers.

Sess;ob VI - Medical Seleelion and Trasining Physical Fitness

The relntIonship between physical fitness and perforrnnamucr of the flight task i:i i,',lllnar •ireraft hrs
i f [ ."iee a iiutter of dbtwuie for rna'uy years. 'il'e advent of aireratr, such •s the F-l11 in which the pilol Is

reeatedly exposed to scYtained high +tz with th. at.tendmnt need tn mainlrin posture, to tensi, muslesa to
.uppirt the caretlvasvule, system and to perform respiratory strainine manectivies ha's rekinhled interest in thisIt Lelationshlp. Well ,'slmclrned studie.s conducted at the USAF School of Aerosipace 10edicine and ,onfilrmed by
""periments earrioli out at the l(aroli's'(a Institte have 5heen, thIt galns Cn muscle strength and endu rance
produced by moderate resinstance training increases tolciince o; h standard Air (ornutit M1n1 'evie(ACM),
whilst aero.ic training does not. This spsson ef the svmiousitn. eontakled two paFpesisio whih addressed the
value of physical training. MeIcin en (CIhf Ponot ad" his colleagues reporled (Paper No 42) a strdy in
.hich the f; loleranee of a groutp of nine Mirage 21,100 pIots wans determined on a human centrifuge before
end alter a Mix month pr.ogramme of resistanree exercise.. (limb and t%.nk niluwelel) eomihlnro With tmoderate9 _.r exer Tbr.T ,r. .. elerstion tolerance as determined by 'he '0;1 ter tinl' iie (0.1 Cu per sacord) which wAs

alreuudr, ,iigi (9.7 G) ws inireu.od by .iA• G, following the nix mouiet p•eriod of r~y.eal trAeuiRs. 'll'e aulhors
pu,.iled o0..t that, in the b,h-', "- of tainlliar'su-tion ri•m on the centrlftiVe a•l a cot'rtrn! group, it was
uncertalon ws"-ther ihe imp.'rjved toler.neo could hc a tonibot to the physical 'irining (wrop.'vranie, "'li sthdy is,

Sto be reps!ated plod extonied.
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An amihtious attempt to relate performance In fli.ht and at flight related tasks to erdiovaseular
fitness was presented by Lieutenant Commander Ban'.i and Dr Clri•sett (Paper No 44). The authors sought, in
three studies using groups of student and qualified airerew, correlations between a number of measures of
cardiovascular function during maximal exercise on a treadmill and susceptlbility to motion sickness, laboratory
measures of vision and the heart rate during Air Combat Manoeuvres (ACM) in flight. Maximum oxygen
eonsumption measured using the Bruce protocol showed both the qtudent and the qualified alrerew to have a
bhig!h aernbie capacity. An inverse relationship was found between aerobic capacity mid susceptibIlity to motion
sickness indtn-ed by bo('v rotation combined with head mo-"'ment. 71,e Authors suggested that this relationship
was prahsbly due to conditioning to the motion associated with physical t'aining. Dynamic visual Activity was
also found to nrre

t
ate with neronie eapacity. There w.u also an inverse relationship between the hnart rate

tit a given phase of flight and acroble capacity. Although significant correlations were found in these studies
It has yet to be demonstrated that an increase In physical fitness will produce an improvement in the
performance of pilots In flight. A carefully desiqgned longitudinal study with appropriate controls Is required to
Sdetprmi" Vic value ef physical trining :mnd fitness in this context.

Session •1 - Physiological Training

Airerew must have a general understanding of the physiological effects of the stresses to which they
may be exposed In flight and they must he taught how their ability to perform their flight task-, both in
normial And emergency situations, can be affected by these effects. Thus all NATO air forces have training

t schemes whereby airerew are taught the relevant aspects of aviation physiology and psyehology and given
practical experience of the effects of the major aviation stresses, Although Instruction in the two subjects
may be separated, in practice, training in the purpose, mode of operation And use of life support, escape and
survival equipment ix closely rplated to physiological training. In some air forces the tuition of airerew In
aviation physiology and- psychology is conducted together with the issue, fit tnd instruction in the use of life
support equipment. Tie advantages of this apprcach are considerable,

Three of the papers presented in this session of the symosiurn (No 45, 46 and 49) described in some
detail the philosophies, practice and experience of the aviation medicine tralning of airerew in the Royal Air
Force. Particular festures of the trainin'T conducted ;y the RAF is that it integrates together tuition in

S aviation physiology and psychology, life support equipment and airerew NRC protective equipment and
procedures, that it is centrallsed at one major training centre, that the training is aircraft type/role speeife

' and that it is integrated into the flying ereer of the individual airerew. This group of papers "lSO
emphasised that to be successful an aviation medicine nrogramme must he dynfamic, the tultinn being modified

* to match the operational needs of the air force. The development alnd intro6duction of improved methods of
instructing alrereew in orientaton and disorientation In flight described In paper No 45 well llus1trates this
irmportant aspect of modern aviation raieline training. Another example it. evolution of training in use of
airerew NBC protective equipment and procedures in the RtAF whlh was well presented In the paper (No 49)L by Dr Macmillan.

T"The principle that physiological And aviation medicine training procedures should present minreal herard

to the airerew being trained And to the trairers wan the basis of the paper (No 47) on the ume of hypohenrin
chrmbers by Commandcr flerron of the Naval Aerospace Medical Institute, Pensacola. lie was concerned with
the occurrence of decompregslon sickness !n both trainees and trainers ae.ociated with exposure to reduced

- environmental pressure in hypobarie chambers. The Ineldences of decompression sickness reported In some
59,000 individual exposures over the period 1981-84 were 0.066% of student exposures and 0.285% of inside

Sobserver exposures. Commander Ilerron suggested that this Incidence of decompression sickness should lead to
the abandonment of hypobaric chabnher training for alrerew. Hfe advocated the administration of 7.4% oxygen
in nitrogen at ground level as an alternative means of providing students with personal experience of hypoxia.
Several speakers expressed surprise at the high incidence of deeompression sickness during hypobaric chmmber
trailing reported by this author. The Incidence of significant decompresslor sickness during hypobarle chamber
training conducted by many other Air forces is much lower than that reported in thls paper. Discussion
suggested that a significant proportion of the incidents might well not be decomprestion sickness.
Unforlunuitely, the author was unable to give an analysis of the forms of decompression su,'kness which made
Sup the repeted incdents. Personal experience of hypoxia can be given sa;t&factorily At ground level by the

10 administration of a gas mixture contahinng a low concentration of oxygen. lVowevor, production of hypoxia by
breathing air at reduced environmental pressure which more closely simulates the situntlon for which hyp)xia
tianine in provided, torether with. ewneience t.f she erfot-s of vposure toý !oi. press.ure andl tuitio-n in
p.oeedures wuch as the Frenzel and Valsnlva manoeuvre',, leads to the conclusion that hypobarle chamher

u tre~ining should not be abandoned. It Ynay be an appropriate time to erry out a survey of the incidence of
decompression sickness (Including symptoms nnd signs exhIbited by e•ah individual case) In hypobarie chamber
training. Views on the value and acceptability of pre-oxygenatlon of inside chamber attendants could also be

p obtained.

'The remaining paper in this session (No 48) dealt with one of the most recent and important
,i/ innovations in the phvsioltcgical training of airerew - the use of the hunman centrifuge to train fighter airerew

1 ' in the protective rnanoeuvres to be used to enhance their tolerance of sustained f'lr acceleration. The
approach and training techniques pioneered by the USAP School of Aeropaece Medicine find been adopted,
with mnmi changes, by the liutch authors, Colonel van den fliggelase described the human centrifuge facillty
at Soesterberg and the tralning procedures employed for RNi.AI and USAFF, pilots noprntain F-1I and l'-l1,
airc~raft (these techniques are, also described In AGAHI) Conference Proceeding~s 377, 1f)95). The paper reported
the results of the! high C centrifuge training provided to forty-ix P-I5 and one hundred And twenty F-ir,i•?'i= pilots during th'.e rerloo I Anrel 1984 to 1 April 1985. It was iound that on the first er~ntrlfuge run 7/0% of
these pilots did not cnrry out the straining manoeuvre corrently. Only nine of the pilots failed to achieve the

goals set for the training prog-ramnmes; the majority because of motion sickness Induced by the relatively shortN - arm of the centrifuge. There Is little doubt that the use of the human centrifuge as a training aid combined
with appropriate caa.roba l.sIruetlor, cat slgnifrleutly •uim,,ne time alliy uof pilots to witisInlnd the rapidt
onset, high sustained +0,z acceerations which are a feature 4f combat imanoeuvres In the F-I5 and P-16 and

./ I will be of any future fighuter aircraft. As described In Genera]l Del-trt's pnapr (No 30), the United States Air

. / .Force has decided to carry out centrifugze training of all pilots on entry to fighter pilot training', Questions
. are now being raised As to the frequeny with whiclh centrifugpe trninlng should he reoented. Experlenec of

47, ' A the retentIon by the whole pnopulation of other Information imparted by praetieal pronccdures In physiological
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training would Suggest that refresher training in the human centrifuge should be repealed once every 2-3"years. The advent of future fighter aircraft with the performance discussed in the npening session of this
symposium could well require the provision of centrifug'i training for fighter pilots in a way analogous to the
introduction of hypobarie chamber training some 50 years ago.

Concluqinn and Recommendations

The sympogium identified the Major features of the fighter aircraft to be Introduerd Into service during
the 1990s which will impact on the mrdical selecetion of, and physiological training to be given to, the pilots
who are to operate these aircraft. These features include all weather, night and day capability, extreme
manoeuvreability with rapid onset, high sustained +(1z neceleration (and perhaps ±Oy), potential for increased
Sorkload alleviated by extensive automation of aircraft and weapons systemr, use of helmet mounted sights,
displays and vision enhancement devices, use of colour in cockpit displays, and the need for protection against
ehemiaal warfare agents and nuclear flash blindness, In parallel with the development and Introduction of
-medical standards and methods of assessment w'drh will ensure that pilots with the appropriate capabilities
will be selected, there is an increasing awareness of the need to exclude those Individuals who have a
significant likelihood of sudden incapacitation due, for example, to a cardiac Infarction. There is also the need
for medical monitoring of pilots ope rating high per.ormance fighters Sueh as the F-15, P--1i and Mirage 200
as well as future fighter aircraft In order to ensure that the utresses to which they are exposed in flight do
not produce disease or aggravate existing diseases,

.F It is most important that the assessment procedures and standards employed in the medical selection and
monitoring processes are well validated. Error in the Initial medical selection process may well eliminate
individuals who are in fact fit to become fighter pilots, a situation which many air forces can Ill afford.
Alternatively, poor selection procedures and standards may well allow the entry and retention of airerew wfo
are not t'ully fit to perform in the high stress environment associated with modern and future fighter aircraft.
The symposium included several exnmpleq of the difficulties of validating medical selection and assessnwrnt
procedures, not least of which is the quantification of the Individual pilot's performance in flight. The use of
the facilities of modern AC"' training ranges, stuch as those of the USN nr.d USAF, in measuring performance
or the fighter pilot's ta: the velidaticn of medical assessment procedures should, It is suggested, be

extendod. The value o1 assessment of clinical conditions in airerew together with meticulous follow up
nnd documrntri¶'n i" reference is very well illustrated by the work of the Clinical Sciences Division
of the US/ ;rospae' Medicine. This group have an unrivalled bank of data on which to base

F advice ar .n respec to the acceptability or otherwise of a large range of dieases in the
aircrew popu.. -. ,e example s* by the USAF School of Aerosoace Mediecne should be emulated by the

. medicanl orgenisations or other NATO air forces.

The high 6 environment to which pilots of present and future fighter aircraft will be exposed is one of

Sthe two major factors Influencing medical selection procedures. Thhi feature of the airc-raft dlemands special
attention to the cardiovaseular and musculn-skeletal svstems, The medical selection and monitoring procedures
reltted to reducing the risk of coronary artery disenase to a minimum must be applied vigorously to the pilots
operating fighter aircraft. In addition, special procedures are required to eliminate eardiovascular conditions
which may Impair the ability of the pilot to perform well in a high r• environment and those whlich may ha
Inggrnvated by reppated expnoure to high 17. Thecre Is no doubt that echooardlography has a vital part to play

in both the routine selection arid mon~toring of fighter pilots. Evidence is aecumulatir, that stress testinV on
a treadmill and Ifolter monitoring of the ECC; have little or no place in these processeA. Well conltrolled
longitudinal studies of fighter pilots using modern, non invasive techniques, particularly echocardlography, should
he esteblishied whereser they are required to operate at high G levels In order to determine whether this
environment has a deleterious effect upon the cardlovascular system, especially the right ventricle. It is
suggested that the NATO air forces should establish collaborative studies in this area.

i The high 6 environment places considerable Stress upon the spine, column, particularly the cervical

spine. The load", placed upon the necks of the pilots of future fighter fircraft will also be Inereased by the
Sights and di~plnys and vision enhancement devices Ruch as night vision goggles which will be mounted on the
aircrew helmet. Whtt clinical examination provid" nan adequate Asaessment of the range of movement of the
spine and the strength of the associated muscle groups, significeant pathology may he present In the hones and
.interverebral dines In the absence of symptoms and signs. Concern with the risks of high (1 exposures
Prgravating bone and dtse df".n•.se which is already present and the pWsslblllty, albeit remote, of damage to
the spinal cord l leading to the use of rndio~rraohv of the Splnn In medi,9i S!ent!fc n and monitoring of
"•fig'.hter pl,)ts. Consderable further work iP required to establish validat.d acceptance criteria for spinel
radiographs. Thus at present the Itoyal Netherlands Air Force Is rejecting 20% of candidate student airerew

1> 1 for spinal disease vl.uailsed by raoiography.

"" The pilots of present end future flFihter aircraft rcust have a very high standard of vision. Tndeed
several groups of Investigators are attempting to develop and validate tests of vision which will allow the

lit'• selection of Individuals with above average vision In the context of fighter operations, The tendency which
has occurred in the pait of accepting indlvldurls with a degree or myopia which results in the need for them
to wear corrective lenses (before the natural process of ageing requires it at about 45 years) should cease,
particularly with respect to fighter pilots. Now Is an appropriate lime to raise the vision standards for those
destined to operate future fighter narerrtt. Although further validation studies are required, the measurement
of cr'nt.iast thresholdr, uJIrg sine wave gratings promises to be of value as a meats of measuring visual
performance, particularly uinder low contrast condlitions. Th'ere Ih a very strong ease for the Introduction in
the Immediate futurr, of Improved methods of assessing colour vision. A technique employing a coloured ('C7T
display is most attrective. In the longer term, measurement or dynamic ViSUal acuity should probably be
employed in the selection of fighter pilots.

A recurrent question in the development of special medical selection and monitoring procedures,
. -* epe"iAlly those which Involvh an elmnent of n.b or ore ex[,er,,Ive, Iii wlen tley -uhlol bte applied in the

s selection process? Factors which bear heavily on the answer to this question, include the size of the air
force, the aeceptability of more than one medical fitness standard for nlrerew •end ethics. The ethical '4uestionK relates to the use of procedures with an element of rlik, for example radiographic examination which expose
the individual to signific'ant radiation, especially when the individual may not in any case qualify for, or
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remain engaged in, the hazardous situation for which the selection procedure is to be used. Since fighter
pilots must have a high standard of medical fitness there ate very conslierable advantages in a dual standard
or permanent waiver system in which pilots who do not meet the very hlgfb standards required of fighter
pilots can remain operating other military aircraft such as bombers, tankers, transports and helicopters. There
are also considerable advantages in a dual track flying training system In which the speciallsed and expensive
(and perhaps slightly risky) selection procedures are only applied after the student airerew member has been
selected for training as a fighter pilot.

There is no doubt that, if only on the grounds of general health, aircrew and fighter pilots in
particular should take physical exercise to maintain a reasonable level of physical fitness. The moderqtely highr
level of physical work which is involved in the muscle tensing and straining manoeuvres rzquired to protect
against +Gz aeceleretion will produce less eardiorespiratory stress in the physically fit Individual. It Is flow
clear, however, that intensive aerobic training reduces the tolerance of high susWert d +Gz. It is also apparent

that exercises which increase the strength of the limb and trunk muscles enhance U tote.-nec. nTe muwoles of
the neck shoubi also be strengthened by appropriate exercises to reduce the risV cf ctUmage to flr! cervical
spine by exposure to +Gz. There ih a need, therefore, for fighter pilots to carry ovt specific physic-s training
programmes. This approach to the enhancement of physical fitness Is more cost effeet; and oaeeptable than
the use of H measurement of aerobic capacity in the selection of candidate piots and fig. ,er pilots.

The physiological training of aIrcrew should be Integrated where possible with fitting them with, and
training them in the use of, their lire support equipment. The major areas in which changes are required in

I physiological tralning relate to protection against rapid onset, sustained high +G07, disorientation and the 'ise
- of NBC protective equipment. Extensive instruction in G protective manoeuvres will be required for the pilots

of future fighter Aircraft as Indeed it 
I
s already required for those operating F-i6 and F-15 aircraft. Training

in the straining manoeuvres required at high +Gz is probably best given using a human centrifuge, and this
form of training should be introduced for pilots operating rapid onset, high sustained G aircraft. Improved
techniques for teaching alrcrew the mechanisms and effect of disorientation, such As those employed by the

-Royal Air Force and those being introduced by the United States Air Force, should be mandatory for the
training of the pilots of future fighter aircraft. Finally, the Issue, fit And training In the use ofr flrerew NRrf
protective assemblies and the assoclited ground operating procedures should be centralised and alrerew shouldregularly wear the NBC assemblies on the ground and in flight.

Ii
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SUMMARY

The cockpit environment of fighter aircraft for the year 2000 and beyond will -

undoubtedly meld aircraft technologies and ptotective devices to meet the ever-growing
enemy challenge. Recent advances in aircraft structures, flight controls, sensors,
multipurpose and touch-sensitive displays, voice recognition and synthesis, enemy
defenses, and chemical/biological warfare (CBW) teehnologies will combine to create a
cockpit environment for future fighter aircraft vastly different and potentially more
complex than any previously encountered by our aircrews. This integration of equipment

- -and crewmembsr will interact such that new stresses will he created and existing ones
aggravated. For example, current CBW protective garb induces significant physiological
stress, reduces tactile sensitivity, and restricts vision. Sensors, while providing
more ýsituational awareness, may create signifi(cant additional psychological stress.
Even today, tactical fighters are capable of ,ore rapid +67. onset than ever before.SImproved structure, reclined seats and side-stick controllers will enable both the pi lot
and the aircraft to withstand increased +Gz and roxe rapid 4Gz onset. Special maneuver
capability through the use of direct side force may provide significant tactical
advarntage at the expense of stress due to lateral acceleration forces(±Gy). This paper
will identify and briefly discuss a few of the current technologies and some of the
driving forces which will affect the cockpit environment of tomorrow's aircraft. These
technologies, as well as others, should receive further study for their effects on theaircrew prior to application in future fghter aircraft. Proper application of the
results of these studies will prevent the unbridled growth of cockpit complexity.

FLIGHT CONTROL

Tqhe technology to produce dir~ect sideforce and direct lift on fiuture fightc~r aircraft

has already been demonstrated. These forces, although not new, are not customary for
today's plot. VCt has been repeatedly tausbht tha•t coordinated flight is essential to

t smooth control. Only in unusual flight conditions, such as spins, Flips, and air combat
Smaneuvering, does the pilot intentionally Induce uncoordinated flight. With the advent
of direct sideforce and direct lift, the pilot can now have the capability to change the
flight path vector without a comparable attitude change. Problems can ariFe, however,
since the pilot is not permanently affixed to the interior of the cockpit, but has er,i.eI 4 sideward motion resulting from the effects of gravity along the transverse axis. Such
body motion can affect both stick and rudder inputs to some degree, and therefore, the
pilot's control of the aircraft. If using a head up display, the pilot's major concern
ia to keep his line of sight within the exit pupil of the display, his purpose being to
launch a weapon against an adversary or target. Centrifuge test data at t2G)y indicate
that the addition of a simple shoulder pad restraint system significantly improves
tracking performance on an airborne target at a cost of some side parel visibility and
interference with flight clothing. Additional study is certainly required to design a
more optimum restraint system.(l) At higher transverse G levels, the introduction of a
helmet mounted display with the possibility of some restriction of helmet motion may he

The Introduction of direct side force and direct lift brings with it the additional
problem of what method should be used to cont~rol these forces. Experiments with the
ArTI/F-16 indicate that pointing, flat turn and] translation were very effectively
implemented through decoupled rudder pedals andl required minimal training. Control of

* vertical decoupled motion was effectively irrplemented through the use of a twist
throttle. However, extraneoufs inputs were encountered during throttle movement. Human-
factors-oriented design studies for fuitable manual task controllers still need to be
conducted.

1|UMAN CENTMIMFUGR EXPERIMENTATIO)N

Greater control authority makes current fighter aircraft capable of higher iGz onset
rates thati ever before. Coupled with six degree of freedom control, the forces
generated will combine to present a very new environrlent for the fighter pilot of
tomorrow. To better prepare today's pilot for the rapid orset +Gz environment, US AirjjZ"; Force tactical fighter pilots are currently undergoing training in a newly modified

centrifuge at Brooka Air Force Base, Texss.(2) The improved system In now capable of

reaching 490z, the typical maximum for current £i1,iimters, In only 1.3 eeccen6s as compared" I' to eight seconds prevlously.(3) Some testing of pilot reaction to transverse
"acueleration up to ±2Gy has been performed In the Air Force Aerospace Medical Research
Tehboratory Dynamic EwLronmient Simulator. Tnvestloatlon of the simultaneous interactlon
of rapid onset +Gz and jGy must still. be addressed.
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CHEMICAL AND BIOLOGICAL WARFAREI DEMFNSE

In addition to ±Gy and high onset Gz, tomorrow's fighter pilot must be prepared to
encounter the hostile environment of chemical weapons. Although the use of chemical and
binlogical weapons has been outlawed since the 3t'25 Geneva Protocol, the nations of the
world continue to argue over the terms of a new, more comprehensive ban.(4" The
likelihood that chemical weapons may be used in a future conflict cannot be overlooked,
Such weapons are specifically intended to incapacitate or eliminate the crewmember,
rather than to directly destroy the system itself. Since biological agents are
typically slow acting, they are ill-suited for use against an airborne system.
Considerable evidence exists which shows that our potential adversaries are preparing to
optrate in a chemical/zological environment. These actions cannot he taken lightly;
since failure to prepare for the possible use of chemical weapons hy our enemies makes
us especially vulnerable. The possibility of their use dictates appropriate protection
for the crewmember; for without him, the system cannot accomplish its mission.
Protection for the crewmember becomes both a flight-critical and mission-critical
requirement. Because of the nature of modern chemical weapons, the crewmember must he
completely protected from his external surroundings, presumably within an impermeable
suit or even a capsule with a suitable environmental control system. The environmental
control system must be capable of detecting and neutralizing chemical agents or of
providing a safe environment, either self-contained or recycled. Current protective
equipment is bulky, vison restricting, easily damaged, and interferes with tactile
sensitivity while causing significant beat stress. If this equipment must be used in
cockpits in conjunction with touch-sensitive overlays and programmable switches, the
limitations imposed must be considered in the design of the equipment.

VISUAL LIMITATIONS

A reclined seat for Improved +Gz tolerance combined with current CBW equipment results
in a considerable portion of the cockpit being obscured. In the fully reclined
position, the pilot's ability to view lower portions of the cockpit front and side
panels is severely restricted. Significant degradation of the pilot's ability to "Check _
6" occurs in a fully reclined seat. He is not able to make a simple turning of the head
to see behind the aircraft, and consideration must now be given to providing an

additional display of the area behind him, or incorporate coverage of this area in theSsituation display. Because of those limitations, helpret mounted disrlays, currently in

their early stages of development, will almost surely be essential in the cockpit of
tomorrow.

SENSOPS

SSurcsor technology improvements over the last several years together with increasing
computer power, promise refined information tailor-made for the situation. Doppler beam
sharpened, phased array and hi-static array radars offer prec~sion well beyond the
c ipnhility of previous airbornc radars. Tcrrain rollowing/'rrrcr Avoidaancc (TP/TA)
radars guide the aircraft through low-level mountainous terrain. Threat Avoidance
computations will soon be added to TF/TA on at. integrated situation awareness display.
Night-Vision Goggles (MYOsO and Forward Looking Inft-a-Red (FLIP) sensors enable viewing
of targets under low light conditions. Radar and Infra-Red warning receivprs tell of
hostile action threatening the aircraft. Nurnrous system sensors alert or warn ofexcessive or Inadequate flow rates, pressureL and leoperatures. Traditional airborne

sensors for O..rspeed, altitude, angle of attack, etc. may coon be followed by chemical
agent detectors. All of this Information has traditionally beea presented or, individual
dedicated displays for the pilot to assimilate, Integrate, evaluate, and take
appropriate action. Such a situation threatens to create an excessive workload for the
crewmember of temonrow.(5) Computer processing of radar range and azimuth information
enables it to be converted to X and Y coordinates for dlisplay on A Cathode Ray Tube
(CPT), eliminating the need for a dedicated radar display. The potential even exists
thiough additional computer proceszing to identify targets by computer. The use of such
computer identification would allow display of the target by symbol rather than raw

-lata, w'hich burde].ns the [,int with the tdil~ ,;a ;,{ank. Mpxv.ienve, ha.5 n.wuw,,howcver, that the final Identificatin of the target muat be made by the pilot prior to

weapon release.

MULTI FUNCTION DISPLAYS

"With the advent of more and better sensors, the pilot now has available to him much more
data than ever before. The part ial solution to thin explosion of sensor data Is
available in the form of the multifunction display (14M). The MY) is rapidly taking the
place of the dedlicated displays of yesterday. The introduction of FDs has in some
measure actually encouraged the ,ruliferal]on or sensors onhoard aircraft as panel area
for dedicated displays becomes increasingly scarce. A few multifunction displays can be
used to display a myriad of information in a wide variety of formats. Although this Is
a valuable capability, the displays sometimes present their own unique problems of
sunlight legibility, canopy reflections, brightness levels for night operations,
compatiility with night vision goggles, etc. A word of cauoton ir in ordet at this
point; the proliferation of data has typically been allowed to grow upon the current
displays, often without consideration of the clutter which ensues.(6) It is clear that
properly designed pictorial formats must supplant_ raw data on oultlpurpose displays for
case of pilot understanding. (7-
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TOUCH-SENSITIVE OVERLAYS AND PROGRAMMABLE SWITCHES

With the introduction of multifunction displays into the cockpit, the pilot now has
available to him the option, sometimes even the necessity, of using touch-sensitive
overlays or display perimeter switches to control various subsystems. Additionally,
programmable switches employing dot matrix displays may even be used in conjunction with
a computer for such sophisticated actions as selecting the best available weapons ,iix for
attacking a troop convoy, a tank, petroleum storage, etc. The display of a pictorial
symbol of the intended target may be used to relieve the pilot of the detailed selection
of the weapon combination available to do the best job on preplanned targets or, even
better, on targets of opportunity or for self-protection.

AUTOMAT ION

The growing use of computern in the cockpit of tomorrow promises considerable aid, and
possibly even com,ott, to the future tactical fighter pilot. Because of the large number
of sensors, systems, weapons, etc., some form of management and monitoring of all of this
(lata must be devised. To accomplish this, an electronic crewmember (EC) or pilot's

r •associate appears to be in order. It is widely accepted that control devices are
Sextremely well suited to monitoring tasks; whereas the human is extremely good at

flexibility and init'0itive problem solving, but much poorer at monitoring. A human is
ralso likely t.o make occasional cozrdissive errors. Current work by the Defense Advanced

Research Projects Agency through the Air Force Wright Aeronautical Laboratories is
investigating the application of artifical intelligence to the fighter aircraft of
tomorrow. The introduction of such a computer or expert system into the cockpit raises
the question of "Who's in Charge?" A careful division of the responsibility for the
various flying tasks should reduce pilot workload significantly. These tast allocations
must be fully investigated in order to avoid a pilot role resulting in the loss of pilot

f skills from non-use.(S) Proper task allocation sl.ould reduce the number of pilot errors
which are an additional significant source of woraload and stress to experienced
pilots.(9) There will also probably be a significant problem of gaining acceptability by
Scurrent- pilots of the PC's ability to perform some or even many of these functions. Such
"reluctan,:e will probably be less pronounced among the pilots o, tomorrow because of their

early association with computers ;J a much younger age.

VOICE INPUT/OUTPUT

Rescarch today is showing considerable promise for the availability of a large vocabulary
connected speech input and output system for aircraft applications. Such capability will
transcend the current application of operating switches and permit the pilot to interact
with the EC employing artificial intelligence to assist him. The multiengine pilots of

yesterday regularly referred to the autopilot as "George." The aircraft itself has been
frequently referred to by nicknames, for example, "Babe", "Honey", etc. It is therefore
highly likely that such a name or term will evolve for the EC. If not a standard name

rlike "George", then one will likely be selected by each pilot. Such "friendeiilp" with
the computer system will lead to a more natual interface with the EC. The pilot will be
able to preselect various levels of responsibility for the EC depending upon mission
segment. For example, for system monitoring the pilot may instruct the EC to alert him
to every system problem, to none, or to one of several levels in between, depending upon
the anticipated pilot workload during the given mission segment. He may, of course,

uuodify the EC's responsibility level for any mission segment at any time during the
flight.

S FLASH BIdNDNESS PROTECTION

While we continue to design aircraft primarily for operations in a conventional weapons
%war, the possible use of tactical nuclear weapons cannot be ruled out. This places yet
another burden on the crewmerber. Assuming that the aircraft is far enough away from tne
dutoration to avoid life-threatenIng shock and thermals, the pilot will surely be
subiected to nuclear flash. The single-seat fighter pilot is especially vulnerable. It
i .s possible to envision a future pilot f,'.ing a low-level TF/TA penetration at night
"using NVGs and a nuclear blast occurs. Without proper protection, the photemultiplier of
the NVGs could be completely destroyed. In such a case, the night adaptation lost by the
"pilot by using NVGs could require from one to over four minutes to night adapt.13i0) A

A4 rate of recovery this slow can he deadly In an aircraft at 200 feet altitude and flying
in excess of 400 knots. It may be preferable to (a) completely enclose the cockpit.,
offering the pilot only sensor inforumation for outside reference or, (b) equip the
aircraft with PlZT windows which become opaque to nuclear flash, in order to protect the
crewmember. Either solution will unCoubtedly introduce environmental pioblems of its
own.

"COIICLUSION
Advancing technology will provide the pilot of future fighter aircraft with a much more
capable weapon system. The progress of ijdividua] technologies will undoubtedly
continue, but their introduction into the cockpit must be carefully tempered with
"-,ppropriate human factors analysis. The introduction of these new technologies will
especially require an open mind or, the part of the pilots and considerable training to
cd obtain maximum bonefit from the investmenit,

4. VI[
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DISCUSSION OF SESSION I - FUTURE FIGHTER AIRCRAFT

(Papers'27 asd 28)

AIR CPRE ERNSTING (UK)

Col Krobusek, how does the United States Air Force intend to resolve the conflict which arises between the
provision of nuclear flash protection by means of 0 small window of PLZT in an otherwise black-out canopy
and the need for good all round vision in the air combat situation? Is it that you see the solution to these
two types of operation being in entirel• different types of aircraft?

AUTHOR'S REPLY (LT COL KROBUSEK (US))

This particular problem has not been addressed fully. The two requirements are almost diametrically opposed.
When you solve one for visibility you almost surely inltroduce problems In the other. My main purpose in the
paper was to point out that we probably, and this is my view, cannot meet both requirements in a single
aircraft.

COL VAN DEN BIGUELAAR (NL)

Mr Chairman, I would like to make a remark on the excellent paper by Col Viant. lie mentioned a
requirement in future aircraft for Automatic recovery of the aircraft to level flight In the event of loss of
zonsoiousness. I would very much support this proposal since recent experience with Ithe F16 has shown that
G induced loss of consciousness and severe disorientation can result in tragic loss of lives and aircraft. A
device which would automatically level an aircraft in an uncontrolled situation would, I believe, prevent many
of the accidents of the types which have occurred in the last 2-u years. _

AUTHOR'S REPLY (COl VIANT (FR))

Yes, I did refer to this problem. In air combat situations rapid onset, high cann induce loss of S
consciousness. There is as yft no clear technical solution to the requriement for automatic recovery of control -

In this situation. One can, however, perhaps envisage a device such as the dead mani handle which is used in A
driving cabs of trains. Thus it is possible to envisage a system which, in the event that the pilot does not
make any inputs through the control column say for 30 seconds, the aircraft computer takes over control and
restores stable flight. We do not yet have the technical solution to this problem. I believe that it is an area
where further research is required.

COL. VAN DEN RIGGELAAR (Nl)J

Yes, I believe that it is technically possible to programme the flight computers so that the aircraft Is it
Y. brought to stable, level flight in the event of a period of unconsciousness or a period In which the pilot Is
' ~ s rfO inorienitatPdl that tic doesn't know whe•re 1wu i•. I wish to cormment on thr wnlue a! a dead man's• handle,

We fitted a switch in our centrifuge which the pilot had to depress throughout the G profile. We expected
lhim to release the switch if he lost consciousness. We had one case, however, in which the pilot did not doSso; he continued to depress the switch after he lost consciousness, duc to spasin, of his hand muscles. Thus aI simple dead man's handle will probably not be adequate to cope with this problem.

BRIG GEN BURCHARD (GE)

I enjoyed both of these excellent presentations. I believe, however, that the human limits are not being
considered sufficiently in the concepts of the new fighter aircraft of the 1990s. Apparently we are not

willing to accept that we are driving the human being to his utmost limits. I suggest that the AMP should
state that the pilot should not be required to operate close to his limits of tolerance of high acceleration. 1

Sthink we should require more from the weapon systems. The authors talked about the need to be able to fire
In all directions. Why have a high turn rate and high G onset rate In orde:' to turn the aircraft in order to
direct a medieval rocket weapon at the target? Future technology should be used in the weapon system toS~relieve ,some of the tasks on the pilot. Cannot artificial Intelligence be put Into thc-ee• system as well

as tho aircraft and thus relieve the pilot nid tnhe ireraft frao-f so'ie of thesc physlh!t -less.s which pushesS~him to the utmost limit?

AUTHOR'S REPLY (LT COL KROBUSEK (US))

Yes, I would agree completely. The comments that I made during the presentation were offered to stimulate
thought. They were only some of the areas which we should consider in future combat aircraft. As was
pointed out by the Chairman, there are some solutions to some problems which may give us problems in other
areas. I do not think that there is any single solution to all of the scenarios which we can develop; the
human mind is just too smart for that.

AUTHOR'S REPLY (COL VIANT (FR))

Yes certainly we should consider the whole system - the aerodynamics of the aircraft, the aircraft
performance and also the performance of the missiles with which the aircreft is armed. Even In a future
combat aircraft It will be still necessary to manoeuvre the aircraft rapidly In order to achieve a hit on the
target. We must also keep in mind the fact that we must build aircraft at a cost which we can afford. Thus
we cannot always afford the sophistication of the aircraft which we would like. I'inally. the effectiveness of
an aireroift Is the summation of the effectiveness of the pilot and the effectiveness of the machine. In these
eircunurtances the spirit of combat and the physical capacity of the pilot enhance the effectiveness of tlte
machine. If you have two aircraft each pilot will try to do better than the other. Re will go up to the
limits of human tolerance - this is part of the spirit of the fighting man.

l!! ........ I
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CANADIAN FORCES APPROACH TO AIRCREW MEDICAL SELECTION

L/Col Gary Gray, Head, Central Medical Board
Defetuce and Civil Institute of Environmental Medicine

1133 Sheppard Ave West, Toronto, Ontario
Canada M54 2A2

SUMMARY

With advances in aircraft performance capabilities and in medical screening technology, major changesin Canadian Forces aircrew medical screening procedures have been proposed and are beiag introduced. Inaddition to the standard battery of tests, additional screening procedures being introduced or evaluatedinclude drug screening for cannabinoids, contrast sensitivity function visual assessment, echocardiograms,cardiovascular risk assessment, pulmonary function testing, an aeronedical history questionnaire, and apsychosocial and clinical review by a Flight Surgeon. Screening electrce.,cephaiograms are being continued.* •This data is used to reject candidates who fail to meet selection standards, and to provide a MedicalSuitability Rating for acceptable candidates. 2.82 of candidates screened have had positive tests forurinary cannabinoids. Contrast sensitivity norms for the aircrew candidate population are higher than forother popularious studied. Contrast sensitivity may he helpful in assessing candidates whose vision isclose to standards. we believe this approach to initial medical screening will reduce attrition ofexperienced aircrew for medical reasons, and will enhance flight safety over the years to come.

Piitorically, the RCAF conducted medical screening of pilot and navigator aircrew candidates atregional Medical Selection Units. These units were staffed by Flight Surgeons, who conducted the basic jmedical examinations, and by appropriate Specialists who completed ancillary investigations includingophthalmologic, otolaryngologic and psychiatric review. With triservice unification (and subsequent
S~manpower reduction) in 1968 the Canadian Forces (CF) incorporated aircrew medical selection into the

Central (Aircrew) Medical Board (CMB) at the Defence and Civil Institute of Environmental Medicine (DCIEM).This was staffed by a single Senior Flight Surgeon and appropriate technicians.

Basic enrolment medicals were then done at local Recruiting Centers, usually by civilian physiciansunde contracts and the medicals were administratively reviewed by a CF Medical Officer. This medical
screening included a physical examination, an electrocardiogram, a chest x-ray, an audiogram, an ophthal-malogic evaluction, and a VDRL and urinalysis, Subsequently, while the candidates were undergoing aircrewaptitude screening aL the Aircrew Selection Center in Toronto, the medical documents were reviewed by theCMB Flight Surgeon, and a few additional screening tests including anthropometrics and electroencephalogramswere performed.

In the ittervening years there have been significant advances in aircraft performance capabilities,and in medical screening technology. These advances have prompted major changes in Canadian Forces aircrewmedical screening procedures. These changes reflert the CF philosophy that aircrcw applicntt, thvuld bemaximally rcreened prior to enrclment, so that once accepted, trainees can be assigned to any operationalflying role with further screening. Additional screening procedures being introduced or evaluated includedrug screening for cannabinoids, contrast sensitivity function visual assessment, echocardiograms, cardio-vascular risk assessment, pulmonary function testing, an aeromedical history questionnaire, and a FlightSurgeon review at CMB on each candidate. During this review an abbreviated psychosocial assessment and
limited physical examination is done.

The battery of screening tests will be used not only to reject candidates who fail to meet standards,but also to formulate a Medical Suitability Rating (MSR) for candidates who are not rejected. This M:[? willj be provided to the Director of Recruiting Services to input into an integrated decision as to each candidate's w
overall acceptability/desirabi.lity.

This paper outlines our rationale for these particular screening procedures, the initial results ofthe drug screening and coptrnat sensitivity t~sting, and a follow-tip of abnormal EEG's.

TABLE I (CANAD)IAN FORCES AIRCEEW MEDICAL SCReeNING PROCEDUS
At Recruiting Center Level I-

Enrolment Medical Examination Iia
Ophthalmologic assessment
AudiogramElectrocardiogram 

i• i

Chest x-ray
Laboratory - urinalysis, hemoglobin, blood sugar, choleaterol, VDRL

At the Central Medical BoardAnthropometry 
•..

Audiograin

Ophthalmologic Assessment (if Required)Aeromedical History Questionnaire
Pulmonary Function Tests

*Echocardiogram
*

5
Contrast Sensitivity Analysis

**Drug Screening (Cannabinoida)
CardiovascuIar Kisk Assessment
Electboen~cephalogram *to be initiated in 1985¶
Flight Surgeon Review as under evaluation

- = • -



Those screening procedures recently introduced or under evaluation at the Central Medical Board will
be briefly discussed.

Aeromedical History Questionnaire

This questionnaire is attached as Appendix A, and is designed to supplement historical data obtained
on the initial enrolment medical (CF 2027). Positive responses guide the Flight Surgeon during the sub-
sequent interview to areas of potential pathology. 4

Pulmonary Function

Screening tests are aimed at detecting individuals with early fixed or reversible small airways disease
who might later develop overt asthma, or be at increased risk of acceleration atelectasis. Current screening
tests are the most sensitive available for the detection of small airways disease (10). and include maximum
expiratory flow-volume curves on air and helium-oxygen, (repeated after bronchodilator if indicated), and the
single-breath nitrogen washout. Candidates with a history of wheezing, or with abnormal screening tests
undergo a methacholine challenge tear, a measure of airway sensitivity. Candidates with positive challenge
tests are rejected, as are those with significant fixed small airways disease. Those with mild abnorsalties
e.g. cigarette smokers with reduced flows at 50% vital capacity are given a lowered Medical Suitability
Rating (MSR).

Echocardiograms
1

Of the various non-invasive cardiovascular procedures available to screen for structural cardiac
abnormalities and arrhythmias, in addition to the resting standard ECC, the CF has opted to perform the
M-mode and 2-D echocardiogrim on all pilot candidates,

Exercise stress tests and ambulatory electrocardiographic monitoring of all candidates were rejected
Sbecause of excessive manpower requirements, lack of data on what is truly abnormal on ambulatory ECG's, and

the probleu of follow-up of false nositive ST segment changes on exercise stress tests. These tests will I
only be used to evaluate those candidates who have a history compatible with a potential arrhythmia, or in
whom an arrhythmia is detected or suspected during the clinical examination, the resting electrocardiogram,
or the echocardiogram.

Among the disqualifying structural lesions that may be detected by echocerdiography are mitral valve
prolapse, mitral regurgitation, aortic insufficiency, and cardiomyopathies including asyimmetric septal hyper-
trophy, all of which potentially can lead to reduced G tolerance or loss of consciousness in the rapid onset_high G environment (1).

Contrast Sensitivity Function

"Contrast sensitivity is a measure of visual function which differs from standard acuity tests in that
no: only spatial frequency (a measure of Snellen chart letter size), but also contrast is varied. Sine-wave
gratings (repeated sequences of light and dark bars) are presented to subjects on a CRI, the contrast of the
grating being increased from below detectable visibility to threshold level. Gratings of different bar widths
(spatial frequencies) are presented, and a plot of spatial frequency against contrast sensitivity (threshold)
is obtained (Figure I). This plot is analgous to an audiogram in which sensory threshold is evaluated at
various frequencies. Ginsberg (2) has shown a relationship between target acquisition in the aviation
environment and contrast sensitivity function.

Under a Test Program Agreement with the USAF, the CF has been conducting a trial of contrast sensitivity
"function in aircrew candidates since June 1984. The purposes of the trial are to establish population norms

-. - for contrast sensitivity in CF aircrew applicants, and to evaluate the potential application and usefulness
. - :~-t in aircrew selection.

A
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Conpared with published population norms (3) CF aircrew candidetes appear to have higher values for

contrast sensitivity (or lower detection thresholds) (Pigure I). These initial 100 subjects in the CMB

study had an uncorrected visual acuity of 6/6, 6/9 or better, and were between 17 and 25 years of age.

Ginsberg's (3) subjects were older (mean age about 36), and some wore corrective lenses, although their

corrected visual acuity as a group was normal.

Although the contrast sensitivity test is nor as yet used in the actual selection process, potential

application is readily discernable in screening candidates with borderline visual acuity and/or cycloplekic
refractive errors. Some candidates with borderline acuity or refractive errors have quite normal contrast

sensitivity function while others fall well below the norm. Given the possible correlation between target

acquisition and contrast sensitivity, it seems reasonable that candidates with borderline visual testing

by classic methods, but clearly reduced contrast sensitivity, should be rejected, or given a lowered Medical
Suitability Rating. .

Drug Screening for Cannibinoids

During the period 1982-83, cannabinoids were the largest single drug group found pest-mortem in aircrew

who died in Canadian Forces aircraft accidents.

The CMB Aeromedical Questionnaire (Appendix A) includes two questions (#68, 69) about illicit drug use.
About 25 percent of candidates admit to having tried marijuana or hashish in the past, but virtually all
disclaim current use. In 1984, CMB initiated a trial study, screening each aircrew candidate's urine for
cannabinoids.

Urines are screened initially by immunoassay (EMIT), and positives are confirmed by gas chromatographic
mass spectrometry (GCMS). The EMIT method is an extremely sensitive sassay, detecting total urinary canna-
binoids for up to 10 days after consumption. It is not 100% specific and false positives do occur. The GCMS
method is less sensitive because it determines one specific THC metabolite, but it is essentially totally

R specific.
I

Over the initial 8 month period of the trial, 534 candidates were screened. 18 of 534 (3.3%) had
L positive responses to the EMIT method, of which 15 were confirmed by gas chromatography.
t

No individual selection action was taken based on the results of this trial. CMI now obtains two
L separate urine samples from each candidate. Positive specimens confirmed by gas chromatography are sent

to an independent outside laboratory for further confiroation. The Director of Recruiting and Selection
will be informed of candidates who have two confirmed positive samples, so that this factor can be con--
idered during selection proceedings.

Cardiovascular Risk Assessment

Cardiovascular risk factors including blood pressure, smoking habits, total cholesterol, family history,
fasting blood sugar and exercise habits are collected on each candidate. HLDL cholesterol assays are being

introduced. Candidates with familial hypercholesteralemia and a positive family history of coronary artery I
disease are rejected, as are hypertensive candidates (persistent readings over 140 systolic, 90 diastolic).

In ctherwise acceptable ýandidntes, the MSR is adjut,3ed downwards hased on the prsencep of risk factors, i.e.

total cholesterol over 275 mg/dl (or total/HDL ratio over 6), current use of tobacco products, a coronaryS~event in a first degree relative before age 50, and borderline hypertensive blood pressure readings.

- Electroencephalograms

The application of the electroencephalogram to the aviation medicine environment has undergone cyclic
waves of enthusiasm over the past 45 years. Early attempts to correlate EEG findings with the outcome of
flying training proved unsuccessful (4). The technique was later applied as a screening tool for a seizure
disorder in aircrew candidates. Several follow-up studies (5,6,7) have been reported, and although the

predictive value has been extremely low, most of these reports have recommended continued use of the screening
EEG. Because of the low predictive value in the population being screened, many military aviation agencies
have discontinued using the EEG as a screen in candidates. In a recent cost-benefit analysis, Everett and

Jenkins (8) recomrsended that the USAF perform EEG's on fighter pilot candidates only.

hForc-a continue to perform zcrecoing EEC'u on all pilot candidates. The EEC's are done
with needle electrodes in the "10-20" placement system, with both hyperventilation and photostimulation.
All EEG's are read by the same neurologist, and are classified as follows:

a. Type I - minor or generalized non-specific abnormalities -t

b. Type II - abnormal - focal non-specific abnormalities, minor assymetries, or 4-7 Hz waves occuring
spontaneously, during photic stimulation or HV and persisting more than one minute after cessation
of IIV

c. Type Ill - unacceptable - specific EEG waveform abnormalities including focal spike discharges or
generalized spike and wave discharges.

Despite the manpower coemitments and low predictive value, because of the potential catastrophic nature
of a seizure during flight, the Cl" will continue to do EEG's on pilot candidates. Candidates with Type III
EEG's will be rejected from pilot training. sr C



The percentage of SEG's 4read as type )13 by, the same GMP consultant neurologist over th, period 1974-84
has averaged 4.4 per cent ahnusily, with a rang-_ of 0.6% to 10%. Although the CF has been doing EFI's on
aircrcw candidates for 30 years, the early data has been lost to follow-up. In 1984, CHD initiated a "rero-
spective study on type III EEG's obtained since 1978. 121 questionnaires wefre mailed to detergine whethet
any :f these individuals' have subsequently had a seizure or unexpected Loss of conaciou••3a,. To date, S0
responses have been obtained, none of which report such an occurrence.

rlis'Lt Surgeon Examinution and Psychosocial In.erview

The CF believes that a careful -issessment of each candidate by an experienced Flight Surgeou is a

c ri tical part of the medical screening process. Rather than reporting a complete physical examintation,
the CMB Flignt Surgeon concentrates on a detaicd cardiivascular and musculoskeletal evaluation, and on
clarifying any p,,otential health problems suggested on tie enrolment medical or Aeromedical Questionnaire.
During this intetviev, tl.A Flight Secgeon asks a series of questions, as suggested by Mills and icnes (9),

designed to elicit aberrant motivation or [psychcpathology in aircrew caudidates. If pathology is suspected,
a further evaluation by a CF aviation criented psychiatrist/blight Surgeon is requested,

rhese various procedures have just recently been introtuced, or are still it, the process of being

evaluated by the Canadian Forces Central Medical Board. It will be some years before the effect of tl'mse
chnnges car be assessed in terms of medical attrition of experienced aircrew, and improved flight safety

* . records, but we believe tbat the application of state-of-the art medical technology and rereening techniques
may have a significant impact on both of these areas. Assessment of the efficacy of the newer screening

.. techniques should be aided by a computorized system for aircrew biedical rercords currently under development
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Appendix A

CENtRAL MEDICAL BOARD AIRCRCW CANI'IDATE EVALUATION

CHB/ACE

B 1LOGRAPHIC DATA

Surname; Given Name, Initials: DOB:

F SIN: Country uo Birth: Racial Origin:

Sex: CF0IC/Unit:

Current Address, telephone:

Name, address, telephonc of next of kin:

PMRVIOUS FLYING EXPERIENCE

Types of licence(s) held:

Types of aircraft flown and approximate hours on each:

FAMILY HISTORY: Dues your family have a history of;

Yes No Yt; No Comments (Iidetail)

1. Allergies/asthma 8. Psychiatric Problems
2. Bleeding disorders/anemia 9. Rhemantism, arthritis
3. Diabetes 10. Stomach, bowel disorder I
4. Epilepsy/seizures I1. Chest, lung trouble
5. Heart trouble 12, Tumour/Cancec £
6. Aigh blood pressure 13. Alcoholism
7. Stroke 14, Suicide j

15. Kidney stones •
16, Sudden de&th .

PERSONAL HISTOR(Y/HABI.TS
.I. Number J yeers tobacco products used: 5.. ow many days a week dc you Lecerctse

Number of years since stopping smokingt vigorounly for at least 15 min:

2. Average tobacco consumption when smoking 6 Dc yeu use a seat belt when dl:iving

Cigarettes/day or vquivaLsnu 1-10 11-20 20+ Rarely Usually always

"3. On the average, how many times a week 7. On you ure i•ay medications (including

do you drink any alcoholic beverages: "-;.th control pill) regularly?:

4. Wh•n you drink, how many drinks do you If so, what:;

have on the average:

IV

K~ ...... .....
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APPENDIN A

CMO/ACE/2 AiROAMLDICAL [STEMS REVILW Have 'you eser hbd (been) or no you now have

Yes No 'es No

1 A raeini or thumping bea:t 40, Coughel up blood
2. PLin or disconfort in 5;>ur chest 41. Chest/Lung pron-ems d';ring'
3. Invercigations for heerc problems childhood

S4. A h,,art marmur 42. Contact with tuberculosis
I * 3. High blood pressure 43. TB or a p-sitive TB teat

. riusua sa. ortness of breath 44. Lung function tests
7. Fainting Li di-ry spells 45, Rheumatic Fevor
8. 14-J 'rasipe with exercise 46. Stomach, liver oL bowvl
9. Frequent or severe headaches trouble1 0. t1'gra,.io_ 47, Call bladder trouble or
11. A seizure or convulsion gallstones

12. A hea? injury 48. Jaundice or hepatittj
: 13. Periods of untonsciousnesu 49. Hemorrhoids or rectal dsaase

*.14. Depression or exees:iive worry 50. trequent indigestion or heartburn
15, Anr' mental condition or illness 51. An uloer

t16. Paychiat.ic heip 52. A stomach or bowel x-ray
17. Considered suici.de 53. Vomited blood
18. A ileepwalking lrnblem 54. Colitis
19, toss of rmmoryiamnesia 55, Bloody or black stools
2Q. Hearing trouble 56, Severe constipation,frequent
21, Lxposure to lotd noises diarrhea
22, Ear, nose or therast trouble 57. Trouble with your back
22. Diffictlty With your ears or 58. Trouble with bones or joints

sinu;ses during flying or divi.ng 59. X-rays of your back
24. Frequent nosebleeds 60, A bladder or kidney infection
S11 Sinus nrtbl~ems or sinusitis 6:. A kidney stone
1$. Unucýeaulness or trouble with 62. A venereal disease

balance 63. A hernia o rupture
I 27. Paralysis or weakness 64. Thyroid ti ble

2b, ili,'aver or alieruic rhinitis 65 A tendency to be overweight
S29, Allergie to drugs, serum, foods 66. A diet to lose weight

bites or stings 67, A recent weight gain or loss
"1l Allergy t•stingfdeeenitizetirn . Tred rarijuanz! or hanhish
31. Used untihisLamuines or nasal 69. Iried LSD, cocaine, PLP

congestants for allergies amphetamines or similar drugs
32. Trouble with your eyes 70. Used medication for over 3
33. Been tested for glasses consecutive months
34. Glaane or contact lepser, 71. Trouble with skin problems
35. Any procedure t.o improve your 72, Trouble with severe acne

•:. vis:.on 73. A rurgical operation
36, Do colds tend tI settle in your 74. A hospital admission for

chest medical illness
3/. s4heeein.g or •stomna 75. Been pregnant

¶ - 3b, Au i.-. ter fur your breathing 76. Gynecologic investigation or
39, Prolonged cough treatment

77. Painful periods ruquiring
"" ,ff school or work

• • • ! PS[iI'VL DETAILS (Ii, explAnation).

11I

I heueby declare that I have carefully considerid all the responsei; -nAdf, in PaLts a through e, and that

''to the besit of my bel-ef, they are complete andA correct, and tkstL 7.have no:: witheýld any relevzntV - information or maede any miclcading statement,

Date: Witnes. Ssgna Uth block\ ___---

I ,
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MEDICAL SELECTION AND PHYSIOLOGICAL TRAINING OF FIGHTER PILOTS -
A 1985 PERSPFCTIVE AND OVERVIEW

Brigadier General Rufus M. DeHart
rComnand Surgeon

Headquarters Tactical Air Command
I LsLangley Air Force Base, Virginia 23665-5001

INTROD6CTION

-, Early in World War I analysis of British data revealed 60% of all fatal aircraft
mishaps were directly due to some phynical defect. This led to the establishment of a
specific medical service for "care of the flyer." In two years, total mishaps due to
physical defects fell to 12% - an impressive achievement. This was the beginning of
'flight medicine and the phyaician called the "flight surgeon."

Much progress has been made in aviation technology and aerospace medicine during the
past 65 years. The USAF is proud that the aircraft mishap rate has been reduced to a
relatively low level - 1.7 mishaps/100,000 flying hours in 1983 and about 1.8 in 1984.
That is an excellent achievement considering the aggressive and realistic training
scenarios we have today.

Tojday, in spite of our relatively low rate, we still lose almost a wing of aircraft per
year - 57 destroyed in 1984 at a cost of about $410 million. Table I.

1984 USAF AfRCRAFT MISHAP DATA

Total Class-A Mik haps 62 (57 destroyed)
- Rate/103,000 hrs 1.8

FTR/AIK* Class-A Mishaps 43
-Rate/i00,000 hzs 3.5

Total Fatals 79
- Pilot Fatals 38

- FTR/ATKPilot Fatals 25

#Fighter and Attack Aircraft

• • ".1 ble

7he decline in the mishap rate over the last decade is largely due to a reduction in
the "LOC Rate" (Logistics/Maintenance Factors) - 1.6/100,000 in 1975, 0.5 in 1983 and
1984. Today we have better aircraft systems, and they are better maintained. Good
leadership and supervision have undoubtedly played a rolp.

However, as the mishap rate has declined in recent years, the proportion of mishaps
due to human-factor vsriabh4, has increased - 67% in the FTR/ATK for 1984. Table II.

"FTR/ATKCLASY-A U51MHAPS

FTP/T/Al t, 7tit&. 433
4% Human Factors 29 (67%J

La; Factors, other 14 (33%)

f Table 11

The high proportion of mishaps due to human factors is a direct challenge for the
aerospace medicine community. Another impogtant challvente is ensuring that out pilots
are able to effectively perform i nthe hrgh-Gz invtroan lent. we benievn we can meo t both
of these challenges by a strong focus on the "human element" - the man in th(e cockpit.

THE CHALLENGE

.•t the past 10 to 15 years, we've seen an exponential increase In aviation
utechnology and fighter aircraft capanrlid.i ur ouvt w fiahters art superb aircraft. They

are fast, have an expanded flight envelope and are capable of rapid onset and high• • •.su-itained G. ,ill of these factors prcvideý ohviou3 advantages in the combat ar'ena.I[

on the other hand.. man's capability remains a constant. He must cope with an
Inherent pet ,3( physical, yhysioioglcal and psychological limitatIons. The ptLysiolog•lcal
rtrvszeer, WolKload and perceptual demand nn th- Io during n'any missiorn zc.naria are!
formida.ble, In fact, for the jirrt time, man is the _otential limiting ',actor in
realizing tL.e full capability of a fighter systen. Yesterday we worried about cver

IX• C.• "0-inc" 1 the aSrcraft; today (particularly in the Y-16). we worry about over "G-, g" the
t- pilot.

T"he really 4ood fightec pilots I've known in the past have alway beer, good

e"aviators, sm er, agg zssive ar.d have haE an inherent derire to excel - "be the beat." In
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th, future, it will also be important for fighter pilots to be physically healthy, in
exce lent physical condition and have a sophisticated understanding of aerospace
physioogy - particularly high-Gz physiology. Pilots have traditionally had a good
understanding of their airplane's flight envelope. Today, and in the future, they must
have a thorough understanding of their own personal physiololgical flight envelope.

FOCUS ON HUMAN FACTORS

The most significant human-factor (HF) problem facIng the TAF today is spatial
disorientation (SD) followed closely by high-G loss of consciousness (GLC). Thirty
percent (30%) of all HF mishaps in the F-16 are due to SD. Nineteen percent (19%) of the
HF mishaps in the F-15 and F-4 are due to SD. Other human-factor variables, such as
distraction, channelized attention, loss of situational awareness and visual illusionr,
are also frequent causes or contriboting causes of TAP mishaps today. Accelerative
forces are the basis for most of these HF problems. Table III.

HUMAN-FACTOR PROBLEMS RELATED TO ACCELERATIVE FORCES

1. GLC on a physiological basis
2. GLC on a basis of preexisting medical problems

(cardiac defects, cardiac arrhythmia)
3. Grey-out/blackout - channelized attention -

"loss of situational awareness"
4. Spatial disorientation - illusiors
5. Musculoskeletal pain/injury - distraction

Table III

An approach to reducing the problems related to high-Gz must be multifaceted:

1. Better medical selection.

2. Better education and training.

- Fighter-specific physiological training

3. Improved life-support equipment.

4. Good physical conditioning.

5. Research and development (R&D)

WHERE WE HAVE BEEN - PAST INITIATIVES

1. 1977 was an index year for the USAF medical service. Three things of importance
occurred which sharply focused our attention on the "human element."

a. During a short period of time ini 1977, there were three fatal mishaps
involving crew members with advanced coronary artery disease (CAD). One 45-year-old wing
commander experienced a heart attack on finas approach and died shortly after landing.
Three young crewmembers, age 24 to 25, were found to have advanced coronary disease at
autopsy following two fatal F-4 mishaps.

These mishaps led to high-level interest in the USAF and direction to develop a
program to identify crewmembers at risk for developing CAD, and direction to develop more
sensitive methods to detect existing coronary disease.

b. Also in 1977, consultants at USAFSAM first expressed concern about the
-increased stresses associated with the new high-performance fightera (F-15/16) which were
"entering the inventory. Of particular concern were the high-G forces and the increased
probability of pilot incapacitation due to unrecognized cardiovascular defects.

During 1977 we also began to receive official and unofficial reports of a
sudden loss of consciousness due to high-G forces in these new fighters. The GLC
occurred without the classic preliminary warning provided by "grey-out" and "blackout".
This new phenomenon was studied and documented in the Crew Technology Division of USAFSAM.S~since then, we haue learned that "sudden GbC" occurs in a wide variety of fighter systems
and, until recently, such events have been seriously under-reported. We strongly suspect
that many fatal mishaps over the past decade signed out as "cause unknown" were due to
GILC.

2. These events in 1977 eventually led to a workshop on "Pilot Selection and Flying
Physical Stanlards for the 1980s" which was held at Brook& AFB in 1979. About 50 senior
medical consultants and line officers from 20 Air Force agencies participated.

4• During the workshop, consultants identified a number of medical conditions which
• . .. would be detrimental to a pilot flying fighter aircraft. Our Class I flying physical

X tandards were found to be adequate. Most of the conditions wete listed in AFR 160-43 as
medically disqualifying for flying training. There were three primary concerns:

A.F
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a. Many of the medical conditions could not be detected by the Class I flying
examination procedures in use.

b. Some of these conditions, primarily cardiovascular, could result in pilot
incapacitation and a fatal aircraft mishap.

c. Other conditions, musculoskeletal for example, could be aggravated by
repeated exposure to high-G resulting in premature attrition of fighter pilots from the
TAY.

The workshop made a number of important recommendations, including:

a, Additional examination procedures for fighter pilot selectees.

b. Hiqh-G training for fighter pilots.

c. More conservative visual standards and waiver policy. A 20/20 standard
without glasses for fighter-pilot selectees.

* id. A citegorica? waiver system for rated flyers.

3. Considerable progress haa been made since the workshop at Brooks AFB in 1979:

"i. In 1981, a categorical medical waiver system replaced the rigid "fly one,
fly all" waiver system. Medical waivers can now be granted in four flying categories.
Table IV.

CATPGORICAL MEDICAL WAIVERS

Flying Class I1 All aircraft systems
Flying Class IIA Tanker, Transport, Bomber
Flyin, Class l1B Tanker, Transport
rFling Class IIC Other - aircraft system(s) specified

Table IV

Sb. A Coronary Artery Risk Evaluation (CARE) Program wae imple~mented USAF-wideu January 1982. Crewmembers recelie a CARE evaluation as a part of every complete

physical examination. Relative risk for developing coronary disease is determined on the
basis of age, blood pressure, cholesterol and smokiiag history. Total cholesterol/HDLScholesýtcyrol ratios arc isio obtained az an% additional aid in estimating risk. Those 4t

high r'ik are counseled, treated appropriately and followed annually. Consultation with
USAFSAM is obtained for those it very high ribK.

c. since 1975, visual waivers had been granted routinely (20/50 DVA, -1.25 RE)
to any piLot-traininq candidate. USAF Academy candidates received waivers beyond this
limit; one up to 20/2130 DVAI By 1980, concerns about this lenient waiver policy reached a

ohigh level. That year, w bih ut 600 of 1,575 (38t) pilot-training gradu:tes required glasses
to fly. At the USAF Academy, only 26% of the class of 1980 (?04 students) were qualified
hfor pilot traiting without waiver. Seventy-three peircent (73g) of the medical waivers

were for visual problems.
SIn 1982, top Air Force lealers stopped this lenient

visual waiver policy. Pilot candidates entering the USAF Academy, ROTC and Officer
Trailing School are now required to meet the 20/20 standard without waivers.

d. During 1983, a working group of corjultants from USAISAM, the Air Force
Surgeon General'a office and the Ail TLafizIng Conmmand Surgeon's staff met on a number of
occasions to develop improved medical selection proceduref for pilot training. Revised
selection standards for familial hype cholasterolemia and the musculoskeleta) system were
established. The working group agreed that additional cardiac and spinal examination

-4 procedures were required for fighter pilot selectees. It uas also agreed that the
"echocardiogram would be the best, single cardiac procedure to use, Dr. Hickman will
provide specific rationale for this position in his presentation.

e. in 1983 selection rtandcrds for hyperlipidemias were implemented and we began
cholesterol testing for all candidates for flight training. Those found to have
hyperlipidemia are disqualified for flight training. Fully trained flyers found to have
hyperlipidemia are not disqualified. They are evaluated at their local bases a,,d followed
closely.

f. The 1979 Brooks workshop recoomendation for high-G training was ignored by
TAC leaders for several years. A number of fatal mishaps due to GW. over the past two
years "shocked" and highly sensitized the TAF community to the high-G prokulem. In 1983 an
anonymous survey (Air Force-wide) accomplished by the Air Force Safety Center revealed OWE
to be a commnn occurrence in a wide variety of fighter aircraft. Educational efforts,

0' - Iincluding briefings, magazine articles and videotape presentations were intensified in
1983.

1%•, 1 Also in 1983, the commander of TAC (Tactical Air Command) endorsed the need for
4 high-G (centrifuge) training for fighter pilots. He also agreed to a proposal to establish

• $• • , : • "•. T . •.. .. • := , :•: _• •-• • ::: 4 • : F ," -: '":
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a Physiological Training Center (PTC) for the Lead-in Fighter Training (LIFT) course at
Holloman AFB - which would include high-G training.

As an interim measure, high-G training is now being accomplished at USAFSAM.
European-based crews are receiving training in the Dutch centrifuge. Pacific-based crews
will soon begin training in Japan. The centrifuge at Brooks was upgraded in late 1984 and
is now capable of an onset rate of 6GB pei second. Training includes typical high-G
fighter profiles up to 9GZ and a "tracking" task. Current training efforts have been well
received by the fighter community and have revealed that many experienced tighter pilotsare not using the correct technique in performing the "straining" (L-l/M-l) maneuver.

CURRENT AND FUTURE INITIATIVES

1. General Jerome F. O'Malley assumed command of TAC in October 1984 and listed
hi~gh-G and GVl as one of the top problems facing the TAF today. By his direction, a

S-headquarters TAC working group was formed to study the issue, propose additional actions
and closely monitor on-going initiatives and research efforts.

2. Plans to establish a Physiological Training Center (PTC) at Holloman AFB for the
LIFT course are on track. We expect this facility to open in mid-1986. The PTC will
provide fighter pilot selectees "fighter-specific" physiological craining about one year
after initial physiological training which they receive early ir pilot training. This
course will emphasize human-factor problems of importance in the fighter environment, such
as,

a. SIC

b. Spatial disorientation

c. Visual illusions, distraction, perceptual problemsII
d. Hypoxia/hyperventilation

e. Self-imposed stresses

f. Physical conditioning
EF

The course will include "case discussions" of recent mishaps involving GLC, SD and
other human-factor variables. Training aids will include a centrifuge, altitude chamber, a
spatial disorientation training device and new training films and videotapes,

3. Recently TAC requested Air Force Systems Command (AFSC) to revi.ew all aspects of
high-u tolerance and protectiun en4d oculeiaLt R&D efforts where appropriate. We
specifically asked AFSC to focus on the following issues:

a. Does .00% 02 provide any advantages or disadvantages in the high-G
environment?

b. Are the reported advantages iless fatigue) of positive-pressure breathing
significant enough to consider modification of any current fighter aircraft?

c. Status of R&D efforts for a now generation G-suit?

d. A better definition of the physiology associated with the fir9t few seconds
(1-10) of rapid onset of high-G forces,

e. A study of pilots with very low resting pulse rates. A number of pilotsirecently involved in fatal GIC mishaps were n,)ted to have very low (<50/min) resting p~llse
Srates in the absence of a regular exercise history. Winat is the tsiynifiQ.nue 6L this

observation?

S.... if. Recent air-to-air GLC fatal mishaps have involved pilots in the neutral or

defensive posture. F-16 pilots generally do not use the 300 tilt-back seat when in a
=• neutral or defensive maneuvering position. In what way and to what degree does bending
S~forward and looking over the shoulder affect the straining maneuver and G-tolerance?

Sg. The requirement for initial high-G training is fully accepted by the fighter
community, Is recurrent high-G trainin- g required, and if so, at what frequency?

Note: A high-flow anti-G valve to replace the standard valve in the P-16, P-15
and A-10 aircraft has been approved. Delivery and installation of the first valves are
sc.:eduled for May 1985. AFSC is continuing research efforts with a high-flow,
ready-pressure (HFRP) valve and two servo-controlled anti-G valves. Onee a US
Navy-developed valve which has an accelerometer to sense G forces and provide immediate

.j maximum flow to the G-suit, has promise- The other is an electronically controlled
high-flow servo valve. A G-onset sensor actuates the "press to test" button and providesfull pressure for 2 suconda. Initial evaluation of this valve in the AS0 centrifuge by-F EUSAF pilot physicians was also promising.

In 1982, an exercise program appropriate for fighter pilots, involving weight lifting
and moderate aerobic exercise, was defined and provided to operational units. Such a

7I



program will clearly increase a pilot's tolerance and endurance to high-G, i.e.. he can
handle high-G forces for a longer period before the onset of fatigue. Two significant"benefits are obvious. First, the pilot's capability to effectively perform in the modern
fighter environment is enhanced. Secondly, the potential for G[L incidents is reduced. Ani
analysio of the last five air-to-air GLC mishaps revealed none occurred on the first
L.., 0aqement. One mishap occurred following the second engagement, two on the third and one
on the fourth.

One could construct a future air-to-air engagement between two adversaries flying
comparable fighters where the outcome is decided solely en the basis of who is in the besL
physical condition, has the greatest endurance and can "pull" the most "Gs."

The value of a conditioning program to increase the strength of neck muscles is
eapecially important today. Neck "sprains and strains" have been a common occupational
hazard for fighter pilots for many years. In the past., most neck injuries have been minor.
Today we are oeginning to see some serious neck injuries. One TAC base has had five
serious injuries in the past year. Two involved compression fractures (10% and 25%) of
cervical vertebra; two involved herniated cervical disc; and one a serious strain of an
intraspinal cervical ligament. Most of these injuries could have been prevented by a good
conditioning program,

Today the value of a regular exercise program for fighter pilots is recognized and
encouraged by TAF leaders. Compliantce has been poor in the absence of a mandated program.
Busy flying schedules and work days and the absence of good exercise equilpment which is
readily &vailable are significant obstacles which I feel we can overcome. We have proposed
a mandatory physical conditioning program for fighter-pilot trainees whic) should be
approved in the near future.

5. A final issue involves the requirement for additional medical examination
procedures for fighter-pilot selectees. As I mentioned before, consultants at the 1979
SBtooks workshop identifiod a number of medical conditions which are detrimental to a pilot
flying fLgit•e aircraft. Some of these conditions could result in pilot incapacitation;

K other conditions could be aggravated by repeated exposure to high-G resulting in prematureI attrition of pilots from the TAF.

F The prevalence of these conditions is known to be about five percent (5%) in a young
pilot-candidate population. Our current examination procedures (Class I flying exam) are
not adequate to detect many of these conditions. A review of 28,069 exams accomplished on
USAF Academy applicants revealed we are missing about 3.7% of these conditions. Table V.

1981-1982 CYCLE
. CONDiTIONS AGGRAVAT1ZD BY fIC;h-S FOUNO

Cardiovascular 140
Non-cardias," 45
Musculoskeletal 175

Total

28,069 exams reviewed.
** 360 . 28,069 = 1.3% (conditions found)

- prevalence - 5.0%
- 3.7% conditions missed

Table V

Most conditions of concern can be detected by the addition ol two examination
procedures--an echocardiogram and spine series.

As I have mentioned, back and neck pain have been common in fighter pilots for years.
We are beginning to see some serious neck injuries. We really don't know the long-term
effects on the spine of repeated exposure to high-G. A spine series would serve two
purposes. First, to select trainees with normal spines and, second, to establish a
baseline for future comparison should symptoms develop or injuries occur.

IN CONCLUSION

From an aeromedical perspective, we have two ira)or goals for the Tactical Air Force.
The first is to reduce the aircraft mishap rate due to human--factor variables. The second
is to enhance our pilots' capability to perform in the modern fighter environment.

$ , Fighter pilots can perform in the 9GZ environment effectively and safely if they areproperly selected, educatid and trained. Our fighter pilots today, in addition to being
good aviators, smart and aggressive, must be physically healthy and in excellent physical
condition. They must have a thorough understanding of high-a physiology and their own
personal "phyAiological flight envelope." Accomplishing the variety of initiatives
required to realize these goals is an exciting challenge for the aerospace medicine
community.



DISCUSSION OF SESSION II - MEDICAL SELEC'TION: GENERAL ASPECTS
(Papers 2 and 30)

QUESTIONER NOT IDENTIFIED

Col Hickman, could you please give more specific information on the question of hypercholesterolaenula?

AUTHOR'S REPLY (COL HiCK.MAN (US))

Yes, in fact in ny own paper which follows this session, 191 discuss a proposed criterion for the rejection of
pilot applicants for hyperlipldacmia. The problem basically Is attempting to predict In individuals who are 21
years old, who Is going to have coronary artery disease later in life. We look at premature coronary artery
disease in the family as occurring if there is a first degree relative, a father, mother, brother or sister, with
a Coronary event under the age of 65. Most of our applicants of 21 years of age do not have family
histories because their families are generally not old enough to have met that criterion. Family history has
been of little value. Further, in any regression equation, a yes/no answer, which is a dichotomous variahle, if
misidentified causes a major perturbation in the equation. Family history has not been very helpful for those

two reasons. Hypertension, by the time we are Considering people for pilot training, is at a very very low
•i •rate and has been of minimal value. Smoking; we've not yet disqualified people from flying training because

they smoke. About a decade ago about 20% of the cadets at the Academy smoked; today only about 6% of

the cadets smoke tobacco. So when you come right down to trying to predict, at age 21, who is going to
develop coronary artery disease late in life you ere pretty much resirned to using lipids. The previous criteria
that we have tried to apply (combining lipid levels with other family history, smoking and blood pressure)
increase the predictive value to such a small extent thot by and large we are looking at the cholesterol and _
high density lipoprotein (HDL). We are presently looking at the predictive value of quhfraections of HDI.. In
our current proposed standard 300 mg percent in an applicant for pilot training will be considered the cut off
level. Thus, if the cholesterol is 300 mg percent or greater, or the ratio of cholesterol to HDti Is! A or
greater, that individual is counselled In the effects of diet, body weight and exercise and also the effects of
smoking on HDL, because smoking lowers HDL,. And then a month or perhaps 2 months later a repent of the
"lipid values ts obtained. ilyperlipidaemia is diasnosed if the serum cholesterol is 300 or greeter or the ratio
of cholesterol to HDL is 6 or greater. An individual with hyperlipidaemia is not accepted into pilot training.
Obviously he is the worst possible Investment.tA
COL VAN DEN BIGGELAAR (NL)

L

I would like to ask Dr Hickman whether spinal X-rays err being taken in the UTSAP? If so, do you have a
* washout rate of about 5% as you predicted? We have found that our washout rate uJsing purely radiological

changes In the spinal column Is much higher than 5%.

AUTHOR'S REPLY (COL HICKMAN (US))

& I believe, as is the ease with many criteria which are totally arbitrary at the beginning, it will he excessive.
Depending upon where you set your criteria, the losses to training can be tdjusted. What we really need, in
order to answer your question, is a dual track training tiproach so that age matched cohorts or individuals
who enter tanker, bomber and transport training at the same time, at the same age with all matched
attributes can be looked at and compered to fighter pilots. Only in the long term epidemiologiel approach
can anyone give an intelligent and reasonable answer to your question. We have not yet started conducting

spinal X-rays. One of the arguments that recurs continually Is that most of the operators, the line officers,
want all of the medical selection tests performed before the applicant attends the first class in pilot training.
And yet we cannot ethically Imposo the associated radiation exposure on the hatf or our airerew who are
never going to fly in tactical aircraft. We are trying to reach some sort of agreement with the operators on
this question and have not yet introduced spinsl X-rays into pilot selecotion.

COL VAN DEN BIGGELAAR (NL)

""'Te dual track system is practicable for large air forces but I think most of the smaller European air forces
cannot afford this luxury. Their nirrrcw train for one specific type of aircraft which in most cares il the
fighter aircraft slnce the smaller nations only have a very small fleet of transports or bombers.

AUTtIOR'S REPLY (COL HICKMAN (US))

1 !You will notice In the following presentation that I am go'ng to give, the dual track system will eliminate
some alrerew who have already had a small amount of flying training. The branching point Inte tanker,
bomber, transport and fighter attack/reeonnalssanee will occur relatively early. For most air forces I feel that
rejecting somi.loce who has had an training Is not coat effective l"', when we weighthe few Individuals who
will be removed at the branching point the expense is not nvarly as great as the enormous burden which
would be associated with cardiovascular and spinal screenlng of those individuals on the day they begin pilot

cardiovascular screening and these bases have a predominance of very young subjects so that there Is no
dotyer requirement for a cardiologist. Our probinAs are very different and I think everyone would agree that
yoti have to look at your own situation.

•1 i~ 2LT COL VAN DEN BOSCH (BE)

I would like to ask Dr Gray for an explanation as to why the proportions of cndidates rejected by the
med•cal hoard for FEC, abwormalities It thb mmv ns that for defectiv, vision? This f;ndIug is rather surprilsin

8as we reject less for EEC, abnormalities than for vision defects. I also have another question. T),P Cray said
that candidates with hypertension will be rejected. I would like to know how many times the blood pressure

' N is measured and how It Is done, every week for e~ample! What levels of blood pressure are considered As

disqualifying?

t9
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AUTHOR'S REPLY (LT COL GRAY (WA))

The blood pressure criteria which we use are a systolic >140 mm fig or a diastolic >90 mm HF on repeated
determinations - not only at the Central Mrdical Board but before on the initial enrolment medical and then
again afterwards at further follow-up either by the family doctor or back at t'- Recruiting Centre. So if we
document a sustained, repeated systolic pressure above 140 mm Hg or sustained, repeated diastolic pressure
above 90 mm Hig we reject the candidate. Was there another question?

LT COL VAN DEN BOSCH (BE)

Yes you rejeet as many candidates for EEC abnormalities as for the vision defects The experienee of other
air forces including our own is that more rejections are for vision than for EEC Abnormalities.

AUTHOR'S REPLY (LT COL CRAY (CA)) C
Right, I understand your question. The rejections are approxin;ately equal at Central Medical Floaret because
th.' candidates' vision has already been screened at the Recruiting Centre before they c)me to Central
Medical Board so that the number of visual rejections at the Board Is only a small proportion of all those
rejected for visual defects. The electroeneephalograhpic rejections which were high in the past are now lower
because we are now reject only those candidates who have type 3 specific abnormalities. These are then
confirmed on follow-up EEG with sleep deprivation.

DR AI NAES (NO)

A question for Dr Hickman regarding Gen DeHart's paper. You said, as 1 understood it, that the waivering
policy for visual criteria was such that the situation in the USAF a few years ago was that 25% of fighter
pilots were spectacle wearers and that enforcement of the new visual waiver policy would decrease this
incidence. How much has the proportion of spectacle wearers decreased over the last few years?

AUTHOR'S REPLY (COL HICKMAN (US))

I'm sorry I don't know the answer to your question. I doubt that the numbers have changed significantly since
the policy is very new. It was introduced in 1982. I doubt that Its been in operation long enough to make A
difference. I will certainly find the answer to your question for you.

PIR ALNAES (NO)
T Put l do understand you correctly in the senise that the wAivering policy now in 1985 is quite different from

the waivering policy of 1982/81?

'- AIJUTHOR'S RFPLY (COI, HICKMAN (US))

Absolutely, from a visual standpoint we are returning to the concept that If you want to have the best at
age 30 you have to choose the best at age 21. We did that for many many years but various kinds of
pressure were brou•ht to helr. A .reet deal of m.oney is cxpcndcd on training an Air roree Academy cadet
and large numbers of them actually entered pilot training even though their vision was Sub standard compared
to previous years.

A.
4 '
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* SUMMARY

Cardiovascular selection and retention standards for aircrew involved in the op-
eration of high performance aircraft duriry the next decade must be based upon a number
of considerations which are primarily epidemiological in nature.

SELECTION STANDARDS

J Standards for the selection of a 21-year-old applicant for high performance flying
(HPF) training must recognize that very few real cardiovascular abnormalities exist in
a training age population. The first question then becomes, which cardiovascular ab-
normalities may be reasonably identified by contemporary diagnostic tools in a training
age population? Then, of those disorders which may be detected in a young populationF by current technology, which disorders are aggravated by rapid onset, high sustained

+G, forces? Further, which diagnostic tools are the most coat effective in screening
F for these disorders in a young population?

Once selected for training, the focus of cardiovascular standards must then shift
to those cardiovascular disorders which are most likely to be present In the middle-
aged aviator. If careful selection screening has ruled out structural heart defects
prior to traininq, coronary artery disease representc the overwhelming majority uf
Sredical dedth and disability among aircrew in the industrialized nations. Coronary
artery disease remains the leading nontraum.tic cause of death among United States Air
Force (USAF) aviators. Thus, cardiovasculat retention criteria for HPF must focus
primarily on coronary disease as the defect -nost ike'y to be aggravated by HPF. Fur-
ther, the presence of coronary artery diseast in middle age is in large part determined
by the occurrence of classical risk factors, To the extent that risk factors predict
disease probability, coronary risk assessment, particularly lipids, is a selection item

I. ,in young trainees. A summary of selection issies follows.

Issues in Selection of HPF Pilot Trainees by Cardiovascular Tests

cat 1. Which disease processes are present and detectable in a 21-year-old appli-•:1 cant?

F 2. Which cardiovascular findings may be declared normal variants, but require
excessive racurrent medical cvalcations fo: later retention?

3. which cardiovascular findings may be declared normal variants, but require
i v.siv studies to do so?

4i which cardiovascular noninvasive tests may be applied to training applicants,
and what do they mean?

In the USAF, the predominant cardiovascular abnormalities in a training age popu-
lation are congenital and valvular lesions such as mitral yalve prolapse, aortic valve
lesions, undetected atrial and ventricular septal defects, and hypertrophic cardio-
myopathies. beyond these disorders, few other types of cardiovascular abnormalities
exist with any frequency in a healthy population. Conduction disturbances and some
arrhythmias represent potential cardiovascular disease in a training population. While

one would expect to find virtually no anatomic coronary disease in a training age popu-i lation, lipid patterns predictive of a nigh risk for the later development of obstruc-
tive coronary disease may clearly be detected in 21-year-old applicants. Thus, one
finds the following areas which may be reasonably considered as selection items in a

C' training age population:

A. 1. conduction defects and complex arrhythmiasI 2. Conrenital heart lesions

p£• {!-i
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3. Valvular heart lesions

4. Coronary risk factors

Electrocardiographic Findings

The USAF currently views only a few electrocardiographic (ECG) findings as abso-
lutely unacceptable for all flyinq training. These findings are as follows:

1. Wolff-Parkinson-White ECG finding

2. Left bundle branch block

3. Complete heart block (not A-V dissociation due to increased vagal tone)

4. Second degree A-V block, Mobitz TI

5. Supraventricular tachycardia

6. Ventricular tachycardia

However, the screening of HPF applicants (or applicants for any type of pilot training)
with either exercise treadmill or ambulatory electrocardiography must be approached
with great caution. With regard to the treadmill, what information does one expect to
derive from the use of maximal exercise testing in an applicant population? The
Bayesian distribution of abnormal test results in this population of very low disease
density dictates that virtually all abnormal ST segment responses will be "false poeai--
tives." The same Bayesian distribution problem also virtually assures that any abnor-
imal radionuclide study, such as thallium scintigraphy, done in follow-up of this
abnormal ST response, will virtually always be a "false positive" also. Thus, one ..
detects little structural disease with stress testing in a training age population.
Further, one is assured that the bulk of abnormal tests will be falsely abnormal. In a
population of very low disease density, large numbers of falsely abnormal tests lead to
further testing, eventually becoming prohibitive in terms of manpower and materiel ex-
penditures. While the stress test may be useful quite independently as a means to
precipitate arrhythmias, it must be recognized that no standards exist in a healthy
population for exercise-induced arrhythmlas. The USAF School of Aerospace Medicine
(USAFSAM) studies in exercise-induced arrhythmias have indicated that the true signifi-
cance of stress arrhythmias depends upon the presence or absence of underlying organic
disease, since complex atrial and ventricular arrhythmias may be frequently seen

L in healthy subjects with no structural lesions. Also, if one finds complex ectopy at
exercise in a young person, one is still obliged to search for the presence or absence
of underlying heart disease. While blood pressure responses to exercise may identify
some persons with hypertensive tendencies, no natural history data exists upon which to
declare a given bleod pressure response as "normal" or "abnormal." Lastly, one may
detend the stress test as simply a functional capacity test. Howeuer, this seems a
rather expensive method of determining results largely influenced by aerobic condition-
ing rather than the determination of cardiovascular attributes desirable in HPF.

Ambulatory Electrocardiography

If one applies Holter monitoring to a large population of healthy subjects, a wide
variety of arrhythmias will be seen, most of the arrhythmias occurring in those with no
organic or structural detect. As in stress testing, standards for these arrhythmias in
a healthy population are nonexistent. Not only are remarkable degrees of ectopy found
in healthy subjects, the high degree of vagal tone in a population of well-conditioned
applicants ensures that bradyarrhythmias and A-V dissociation will occur frequently.
And, having found a potential abnormality on lolter, one must now search for organic
structural lesions.

The necessity t' pur'rue further evaluation of nonspecific findings from the tread-

mills ar.d Halters of an applicant population, has lead the USAF to discard teats asj
selection tools which are primarily functionalI in naturr. (treadmill, bicycle, Holtcr).
This decision was made because of the poor correlation of "abnormalities" to an ana-
tomic suLatrate. No norms exist for the wide range of esser,:±ally physiological re-
sponses to such tests. Therefore, the significance of "abnormal" findings depends upon
the presence or absence of organic or structural defects. Findings which appear to
fall outsmJe of the usually recognized "normal limits" for a diagnostic test, but in
the absence of any underlying organic disease, are termed "normal variants." Intensive
testing is virtually always necessary to accurately label a normal variant, and yet
underlying organic disease is rarely found in a healthy population. Thus, tile USAF is
currently considering only the pursuit of strnctural abnormalities in young HPF
applicants.

The Echocardiogram
The echocardiogram is the contemporary noninvasive too] most likely to detect the

common structural defects in a training age population. The echocardiogram is nonin-
vasive, gives both anatomic and resting functional data, and detects the majority of

a. aeromedicaliy significant structural! I' irons suUhI a' valvulor lealons, missed congeni- P1
• tal lesions, and cardiomyopathles. Fut her, the echocardiogtam is an excellent base- f

line test, for changes in the echocardiogram ever time are almost surely due to
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acquired disease states. The echocardiogram may also form the basis of an epidemio-
logical study of the cardiovascular effects of repetitive HPF. The USAF is considering
the institution of echocardiographic screening (both M-mode and two-dimensional stud-

* ims) on all HPF candidates as the first step in the construction of a central long-term
echocardiographic repository of all HPF pilots. We estimate that the prevalence of
abnormal echocardiograms will be 5% in a training population.

Risk Factors

In addition to screening for hypertension, the USAF has added a lipid selection
criteria for all flying training. Tmese lipid selection criteria may be summarized as
follows:

1. Familial hyperlipidemias ace disqualifying for all training.

2. Serum cholesterol of 230 mg/dl necessitates a repeat determination plus HDL
measurement (after 14-hour fast).

3. As a working definition, familial hyperlipidemia will be defined for aeromed-
ical screening purposes as a continued serum cholesterol of 250 mg/dl plus one or more
of the following:

(a) HDL equal to or less than 15% of total cholesterol.

(b) Total cholesterol greater than 300 mg/dI,

(c) Xanthelasma or xanthomata

(d) First degree family history less than 60 years ot age for angina,

J infarction, or sudden death.I]
I While cigarette smoking is considered a major long-term risk for atherosclerotic dis-

ease, obstructive pulmonary disease and cancer, the USAF has not yet restricted flying
training to nonsmokers.

SThus, we arrive at the currently envisioned initial noninvasive screening battery

for HPF applicants:

iTreadmill - No

IMHolter - No

Scalar ECG - Yes

ILipids - Yes

Echo - Yes:

Related Issues

The application of specific tests for high performance applicants raises a number V

related issues which bear on the timing of specialized cardiovascular tests such as
echocardiography. Should screening by echocardiogram be limited to candidates for high
performance systems (operational systems with rapid onset and high sustained r, capabil-
ity?), or, should all applicants for any flying training receive such specialized
screening? If one subscribes to the "universally assignable resource" concept, then
all pilot applicants must be capable of physical qualification for all conceivable

-diaircraft systems within the organization. Such a selection and training philosophy isI ~~~depicted in Foigure---- ScennI.- ssgal

A Complete Med-ical B universally
:i•.• ~ ~~Applicant Pool- A CmltScreening~e a a.--AssignableBUiesly L

C pilot D "Graduate" E Training in--A-Training - •"pilots •'ýSpecific Aircraft

Figure I

Alternatively, If the training program is designed to identify candidates for type
specific weapon systems such as fighter-attack-reconnalssance or tanker-transport-

* bomber systems early in the training phase, then such a philosophy is depicted in Fig-4 oure II,.
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Medical "Common"
Applicant A Screening For B Trainer Aircraft

Pool -'"Undergraduate"- System
Training

C Selection for D "Graduate" Pilots,
-Specific Aircraft - 3--- Type Specific

Training

Figure II

Under a training approach as in Figure 1, echocardiographic studies must be per-
formed at Point "A" befoLe any aviator training occurs. Implicit in this approach is
the necessity to declare echocardiog.aphic abnormalities disqualifying for training,
and thereby disqualifying for all types of aircraft, thus preserving the "universally
assignable resource" concept. However, preliminary data from USAFSAM indicates that
the two most common asymptomatic valvular lesions in the aviator population, mitral
valve prolapse and isolated aortic insufficiency, are compatible with long-term non-
HPF. Mitral valve prolapse and bicuspid aortic valves represent the majority of the
valvular abnormalities detected with echocardiographic screening. Currently, neither
of these valvular lesions are waiverable for flying training in the USAF, but both are
waiverable for continued flying duties if discovered in fully trained operational pi-
lots.

Mitral Prolapse

Mild, incidentally discovered mitral valve prolapse (MVP) with no significant
imitral regurgitation, chest pain, stress arrhythmias, or autonomic instability appears
to have an excellent prognosis. Of 253 cases of mitral valve prolapse followed -

serially at USAFSAM, 178 have been waivered for cot.tinued flying duties. Of those 75
who were disqualified, the reasons for disqualification are summarized in Table 1.

Causes for Disqualification with
Mitral Valve Prolapse (N=75)

i MVP with arrhythm'as 31
MVP with other medical 21
MVP and associated cardiac disease 7
MVP with conduction defects 6
MVP with coronary disease
MVP with chest pain 2
MVP only (flying training subjects) 2
Other (non-mvdical) 1

j• • Table I

For those disqualified due to MVP and associated cardiac disease, the causes are
listed in Table II.

MVP and Associated Cardiac Disease fN=7)

Significant mitral regurgitation 1
Aortic root disease/AI 1
Marfan's syndrome 1 - .
A•rtic insufficiency 2
Rheumatic heart disease 1
Aortic root disease/no Al 1

Table 11

4r
For those disqualified due to arrhythmias, the types of arrhythmias are outlined

in Table III.

MVP Arrhythmia Disqualification (N132)

Ventricular ectopy (Holter) 9
Stress arrhythmlas (treadmill) 6
Ventricular tachycardia 69
Supraventricular tachycardia 1..A Table Ill

It is important to note that even with rather stringent criteria for continued "4"
flying status, over 70% of these MVP cases could be maintained on flying status. Fur-
ther, ýfollow-up of these grounded aviators hos revealed a natural history free of mor-
bid events, we believe that the diagnosis of MVP is inconsistent with high performance

T flying duties because of the pathophysiological relathon'ihip of ventricular volume and
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cavity size to leaflet prolapse. However, many training candidates with asymptomatic
prolapse who have no significant mitral regurgitation, no arihythmias on Holter moni-
toring or stress testing, and no associated cardiovascular abnormalities are reason-
able candidates for training into non-high performance systems. Currently, MVP remains
disqualifying for any flying training in the USAF.

Aortic insufficiency

Mild aortic insufficiency (AX), almost always the result of a congenitally bicus-
pid valve in otherwise healthy subjects, is compatible with a lengthy flying career.
Current USAF policy prohibits the entry of those with mild AI into pilot training.
However, the lesion is usually waiverable when discovered in fully trained aviators.
Individuals with Al should not be trained in high performance systems because of the
possibility of chronic aggravation of the regurgitant lesion by +G, acceleration.
However, USAFSAM natural history studies have indicated that almost all subjects with
incidentally discovered mild isolated AI could be expected to finish a full career in
tankers-transports-bombers. Currently, Al remains disqudlifying for any flying train-
ing in the USAF.

Fortunately, mitral prolapse and mild insignificant Al constitute the bulk of the
5% of subjects expected to have echocardiographic abnormalities in a training popula-
tion. Thus, echocardiographic screening could be expected to reduce the candidate pool
by a full 5% in a screening schema which applies the echocardiographic screen at
point "A" in Figure 1.

However, if echocardiography is applied only to those entering high performance
training (point "C" in Figure II), and the majority of those with mild structural ab-
normalities are allowed to enter non-high performance training, the total applicant
pool is reduced by only 1% since the other 4% may be retained in non-HPF. While many
cases of prolapse and Al may be suitable for non-high performance training, there are
some structural lesions which we feel should remain unacceptable for all flying train-
Sn g :

1. All cardiomyopathies, with or without obstruction

2. Aortic stenosis of any degree

3. Mitral stenosis of any degree

4. More than trivial mitral regurgitation

5. All unoperated congenital lesions

* t6. Most operated cingenital lesions

SThese nonwaiverable abnormalities comprise the minority of the expected echncardio-
graphic abnormalities in a training population. .

Cost Effectiveness of Echocardiographic Screening

=!it is not possible to assess the cost effectiveness of echocardiographic screening
in a general statement. The efficacy of echocardiographic screening and the timing of

the evaluation are dependent upon factors unique to each aviation organization. Such
factors as available applicant pool size, size of the ajiation force, distribution of
aircraft types, and early branching into specific aircraft types during training will
affect the cost/benefit ratio. One disadvantage of specialized screening at the
"branching point" of a "dual track" training system is that a few subjects may be found
unsuitable for further training after some funds for training have already been ex-
pended. These costs must be weighed against:

1. The costs of removing high performance pilots from the cockpit as fully
trained aviators whon structural abnormalitics arc discovercil later in the flying ca-
"reer. This coat is a recurrent one if no echocardiographic screening is carried out,
as is currently the case in the USEAF.

2. The costs of screening all flying training applicants in a "universally
assignable resource" scheme.

Use of Invaqive Studiec in Training Applicants

In the USAF, Invasive procedures have been generally reserved for clarification of
medical abnormalities in those who are already trained to fly. We feel that the use of
invasive procedures with some degree of risk, such as left heart catheterizations,
angiography, and electrophyslologlcal studies, should be restricted to tLained avia-, tot,. We feel that th o,;tine application of procedures with some risk cannot15
justified simply to qualify for the opportunity to pursue a hazardous occupation. Many
potential candidates for such invasive procedures have not demonstrated any specific

aptitudes for aviation duties, and indeed many will not successfully complete the L ,

training. Further, many will riot pursue military aviation as a career. Under these L
circumstances, we continue to feel that invasive procedures should not be offered as a • .4 :
result of screening tests in applicants. Current technology is available to poten-

MY iq tially elucidate the physiology of Wolff-Parkinson-White ECG finding, Mobitz 11 second

• ; %rK



degree A-V block, supraventricular tachycardia, ventricuiLar t~ichycardia, Aindl left bun-
die branch block, We feel that invasive evaluatior of thiese findings tn pilot appli-
cants should, be highly restrrcted.

specialized 'rests for Retention in Hig Performance Outlee

once qualified for HPF dutiesi, sod liavinsý been fyýJnuj to be free o-- stitt'ct'aal
lesions at j trainirnj age,, the d,,minanr future c:`,k becssilent coronary .sitery
disease. We feel thsk the 'mce ot r',,utlne 8trcL-6 LC-tS1 in an' unstratifiet fashion forA
the detection of latent corunary disease shouitý I;- replaced by recurriing rinsk factor
analysis based "Fcaa lipids, ago, blood pressure, Candly history, and smoking history.
our future ;c'at is to appiy a straItiticd risk j4.ialysis which will determine a threýshold
for second ordert tcests such as 'Cread-. Ulou and scintigr~enic st'ibiies.

SUIMMARY I,-

Figur~e III o~utlines a basic -.zsrdiovasculor se&'uctior. sclieme for a "ducl. track
trr.inintg" systemj. Figure IV c-nnl~ines the projected salaectior. loosse. -fable IV lists
the recummenckLd tests and f req-uency of titsting.

Applicnt - ITanker-,Tranopurt--

~1* -. TrAiner,

Basaic Flying Entry . ' Fighter -21tta&Oý
Exam Incluiding Lipidr i'AP. a'c. Recc n.iki issanrký
And ECG. Sc~ret (FAR) Trining *

kigure III

1% Loss to

pilot I , E#t~nti )n
1irairing FQkiý Pltying

EGia_ CG YeLs YdYes, r1n'uaily aftez 35

Ttean 1 N e ANo.0 ,L
Hotter AC) ~ Not  -

*For eveluetiun of echocurdiograpnlc abnormalities
B asod upC'c. ri.s k ndicatiorns

T'able IV

4_..
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, ofT - n young a~plitcents fox;'crairing, there is little 'rat i~nnAle in the performance of t

expensive, labor intensive atuidies which yic;di roncpecific results, most of which aze

normal variants. in our opinion, Gttess te•sts and Wlolter men!'corti fall into thia care- [

, " ~ ~~~go3ry. Sipce the sigjnificance of nonspeci'.Ac findings 'a omendecermirindha by el'•nthe presence'i a ollgr

Siosence of underlying organic structurall c'efects, we v-omn ha e-n i on

population be directed 'coward the dwtecotio.i of ajatomical defects. We recotmend that
abnormal findings pf a atcucturc;.) nature tron be assessed witte funetircnal tests to

" ' deternine whether; Ihe pplicant : m"y Enter sme fcy.m of aviation trainpr9 :r kL? disqua.--

.iie4 'fro4 all traini-g--.,

The upir, iors expressed in this pal-er are those of thet aut'hors, and ýn 1.0t 'neCeG- , ; . ,-

,; , .. , sari,.y represent the opinion of th-),Unite States Ai .F°rce" + . • ' •
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* SELECTION ET SURVkFILLMtCt- NVI1CALES
'351 P1WOTEý DE MIRAGE QQOO0 : APPORT DE LYHOCARflIOGRAPHTE/

M M4decin en Chet H. YIL, Mddocin en Cbt)f A. DlIfER
filocin Pri~ncipal H. ALLEGRtINI, Mtdecin Prinn:ipal C. MAURLEL

CEN9.RE PRINCIPAL D'EXPERTIEES MEDICALF.S D1 PERHSONNEL NAVIGANTE
O5biu avenue de is Porte de Sivrss

* 15996 PARTS ARPRESI

RESUME

L'intArZt de l'$hoci.-diotjraphte dons ls malection des diquipagoa Urna future avions do combat est.
6clatri par uns 6tudo cortparajt~ve d~p deuxc popuilations hc~rq~noes de g4ilatos, 11-ime, t,&mo3n, de 34 pilates
Lie ttanonport, l'aurre ze 32 p Wc 0daeiane uq combat. Cette iltuda montra quo 1Von trouve dans les deux
popilatians dies anomalies du co~ar gauche (prolapaus valvyulaire mitral do faible dogri, inol6, m~connu)
mais que dew ýnooAlies du coeur- draft Rous forme d-une dilatation vsntriculaire droite tcant pertioulibero
AUe pilotes &svinns de comhat. 1,es auteurs 'envisagent deux hypathb~eos -suit uine pdaptation Cu cooca,
dr-it Aux accelerations, sait un stade pr~coce d'atteinte ejyacardique Neondaire A con mn~nes contraintee

Ctnnvn les autres avionn do combat A hautes perfc.,mance., le Vq -rsqe 200= impose a non pi tote des
ilcc4l~ratxo,,s dA i. utu intensit& (+ 9 Gt) soutenues (plus do I--. secondes) et bris brubalemeont installies
I I a 7 U.- par seconde).

T.homieme set sin-ii amen
6
; A lextrtsip li-nits de us tolerance physiologique et ion pout reoduter

Is siurveiuie d' incapaciths subites en vol.

Isbnl qic les effete sur le systene carriiovaeculsire dton accil~rations + Or soutenue5, do hatite
i iten~i ft4 atent 6t4 Iarqement -;udiL~eu chez I aninail et chez I1'honmse volcmteire, en centrifugeuse, on no,

tetill don iscp-ii subev sous m IOTAfe do.''ies 8IOU.ra lions, at iquet an,;twl.s sue agrav nmeAlien nest 6

rol4r~e. Li, nurmalit6 arai-L-4 /asu. .~JU-'e ust 4XU'-ur t cratire, df. lerarnen, c~liti-qus, 6loictro-

Les Ini isti'jstions plus spdcialiirie e, no nt pt-stiqe-iea quI& In doamndu du s'6duocir exnmir,~teur,

Enr ce gui concerno Ies pilotos d~scqn~s pour volor out Mirage iGCM, ii a At,- d4cidI6 d's ns "as
wodifier Is ridc~es'ntatzun en viguoui clans eon principe. MAle, danes un bub d'hihstontiat.1o-n, baun Cag
pilatee soot syxsmin~s darts, un mime centre et to-is 'Juvoilt cutbir un exasm~r 4chacvardlograpoiquue.

n~one avvn' rnonctnc A I& p.-atique syrt4matAque do A '6lo';trocardioqiauv o. d'effactt, is r~tieroart auw
nujetg d6i'inis ,Qonme A haut rieque die coronaraimthie.

Flour ovoans 6gnletsor t renon(:h I I 'unage nysts~msu Ique de Is c#nti btg4-iuuo poor des reisont;de ýtaiha-
. 1lltS. Pat ctntru Ito prat~iquedbin 6lwcttacat1iogrsrmzs do Jongue dutr"c compiortart I eerieqistraemnt durarul:

F1. JlT DiE 1.'EAWP7J ECHOCAFI'tfCGRtAPfq!r.K .
Le [Jut dP I tro~duction do 2 '6rhOcaruJ,llgsaptit dateA 10, protocolr' d'excmor, utnndorO ,ea p.iotc'aj do Mirsgn2 2@0Q 6tait

d, d4lii rlnr car pin lots . rttrturo, d 'Anomalisia, cardiaqutee ml r,'sues, IJnfracýItnut2 no t

niourc~e de danger isous foectq- to do char-gA

d ue recuecilii dems inforrnafti~ne obJectives, cu~rn;:arabies dan's ur,,e kult t jttr-tje-f Iv., cur I,,a vn- P
s~uncscardiuaques et 'lanrculsirfie- 4VqntuelIna do 'hjllxp.t~on rAiuer~ does piotos sun scc4lA-

istuion', A ;'-oynn eb Aj ton') tejA Ie

- I~ F Y tIe d'lýtr r aIFl ,tlonrittle -aur l'oFtJxýI~raln I(tf: d4finiz da.3::orrnetinouv:H es i' apti tu'Žu

.4-., FIt * 2.1.IuPPPIII.LS;

.... ... ... .. .. .......... .... ...
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L'exasen hchocardiographique a Atsi r~alisA avec on pareil sectoriel A balayage in~canique
ATh, mark 500 comsporit; t one sonde de 3 MHz. L' stude du acoer eat cu: tuite scion on protocols ntandurdis6
(incillence pattisýternale. coupe grand axe et petit axe, incidence ap 'cone, incidence soon castale) - Les

examens en made T.M. ont e~t6 pritiqu~s, A parttr de 1'exasan bidimet. nel pours permettre la melilsture

incidence et is choix du faisceau T.M. le plus perpendiculalre aux structures cardiaques. L'imagerie bi- -

dinennlonnelie aut enregistrsie Sor bande visito, lee documents T.M. sot papier photagraphiquas A sec. L'exa-
men ant comp1Aiti A la deinonde par uwe 6tude der, flux intrecardiaques par Doppler pols-6.

2.2.1. 32 PILOTES DIE CHAS-SE confirms'.s Stir Mirage 111, Mirage Fl quo Doug appellerons indiff6rein-

ment "pilates den riasse ou puote~rsixrage 2000' ant sub). one dchoc-ardioagraphie pendant laur

vsite rn~dicaie dle qualification ntir Mirage 2000. L'esar.en dchocardioqraphique a 6t6 aussi pratiqut6 Sur
nepopulation t.Anain do 34 PIfLOTES DE TEANSPOPT oo de LIAISON, d'age 6qoivaisnt.

2.2.2. L'A25UISITIONDES DONNECC (trzbieaox T at 11 en antrexe) concerns

2.2.2.1, DES PAMAMETRES AHT!iO.CýP21L'TRIQE gpis al ufc corpocrelle, oxpri-
m~cs enunitsis habituciles auxqoellcs nonE a'ior.S rfoute nine caract~ristiqour prafessionnelle Is nombre
d'heures de vol. de chacun des individos'.,

2.2.2.2. DEE FAFITE COMPNQE NND .. par les

d) Manures expris~es enc sillir.Atrem des iýpaisseors: de parois co des diambtren den cavit6s

cardiaquos prices soWiv.nt lee inodalitAs d~crices ant~rienrersant,

Diarnetre de l'oreillette gjaiche (OG)
Diain~tre du ventrictile droit (VD)
0ianrý-tre diantoliqu8 (Od) do ventri.cole gauche (VG)
Diarn~tre nystolique (Ds) du varntrlcole gaucheA

Epaissaur en diastole (Fi) du septum (Sep)

Ppaisseur on systole (Es) do septum
Ltptinsaexr en diastole de la paroi px~st~rieore (LPa)

Epainsetur en systolo de is paroi pastrinsure

b) Va
1 

curs, exprimneec en pnotrcentarje

-do raccoorcjnnarnsnt nyatolique 4o diaa~tra VG fsI Rdcc VG)
-de i'dpaississesant systolique do septum It 6ip Sep) 4

-de ls6paiasisscsent systalique de La paroi post6rieure. (1i 6p EPa)

2.2-.3.k DES ASPECrTS VflRdHOrJYflQUES EN ECH&"7APD!CGRLAPHIE BIDIME!VISICNNP.LLE qt des rtinoltats

3. _EUTAS,__r aleu I t 2 en anexs

or, VD MVGc I2 op Sep Se epo PI ta

TaNoINS 3. 13.25.47 50 3129 7,265 1134 7.,147 1. 19

V. CIIArSS 36.211 r 66.706 1 75.6598

T ABL1,E AU 3

3.2. ZN TIIDlM9N3(OýNNT, 'icihographloi blidrennijuno lie coisiplAe au. r),mpj,).r pulsA permet de dtif]hmir

% 3,2,1, FARM] LES] PIL(TOS OF. CHASSF.

-tin group: dm. 20 nirjat 5 orasses, consssr ri'joreutrewnent irorirr4nx j
uno groups de 32 qlijete prrdscntsrft. iri anahndi Is.
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Dan 4,as ceWSI* aniali ... rss l*pari ira -re *e .4 SJn.. sytl . n . ovmn ,*r ,,.a... *

Dana 4 cas, cotaanomalie irt re ssre, l'appreule mritra avec en certoai n mouv emenltato vera 1'o

culisie droite..

Le dsambtne moyen du VD dana ce cnoupe (Pilotes anon,. ventr. D) eat de, 22,50U mmn. Dana l'une des
Observations de ce groups, le Doppler puls

6 
met en 4ividence une innuffisance tricuspidionne,

3.2.2. EARNS LES TENOINS -

-un groups de 30 sujets claaatis comme normaux
u n groupe de 4 sujets pr~aentait une anomalie :3 aujets avajent len signes d'un faible
dogrý de prolapaus valvulaire mitral, 1 seul avait une dilatation ventriculaire droite
isol~e.

4, TRASTENENT DES DONNEES

Le traitosent des donn~es a'6.ablit A deux niveaux d'analyse

- homogtin~it6 des populationa,
- caract~rinai~iun 6cbhuuardiogaapieique des individus.

4.1. L,'HOMOGENEITE DES POPULATIONS ES-T ETUDIEE A IAAIDE PE 4 TESTS STATISTIQUES SIýMPLES

4.1.1. CALCUL DES MOYENNES ET DES ECARTS TYPES

- de chacune dea populations,

- do l'ensemblo desanujeta aur chacur, des panamk'nrea anthropom~tniquen.4 : 4.1,.2 ANALYSE DE VARIANCE A UN CRITERE SUR CHACUN DES PARANETRES PRECEDENTS -

L En rainon du mode de choix des individti; 1-e L -tn cert effoctueý1 au nivcau to pl.an bout

de aiqaificativit6k (1,5

4.1.3. UNE ANALYSE EN COMPOSANTES PRINCIPALES SUR L'ENSEMSLE DE LA POPULATION, dana l'eapace des
variable: et lesapca des individus (nombra da vecteurs de l'SaC ba eS - AIBE ST n ; = e

riel - cinq).

4.2. CAPACTERISATION STATISTIQUE ECHOCARDIOGRAPHIQUE

La caract6risetion sattiaitique ichocardiognapnique des aujets pnoc~de do la mgno approche.

I .4.2.1. CALCULI DES MOYENNES ET DES ECARTS TYPES DES VARIABLES ECHOGRAPHIQUES PORTANIT SUR QUATREa
fPOPULATIONS

- lensemble des piloten Mirage 2000, f
- e populatiorn tdseoin,
I 'annemeble den deux prdc~dentes populationa,

-un groupe do 8 sujeta (pilotea anom. Vantrtc. D),qui ne constitue tvdme pas une

a 6t6 remarqu4e.

4.2.2. JN..E ANALYSE EN CONPOSANTE-S PRINC IPALES_ PORTANT SUP LA POPULATION GLOBALII DANE; LES DEUX ES-
PACES DES VARIAGLZS ET DES INDIVIDUS. NOMBRE DE VECTEURS DE. LESPACE DES VAPTARIIES . 11.a

La calcul des vateurs relatives, exprien~es en pourcentage def; variables, necessite 
1
'obten-

Lion do distances obtenuas par des meosures effectu~ea en syatole ot en diasaole .con yak-uvn ant 6t4

ajout6oa au tableau des donn~es (en annexe) bien qu~eles rWappontent pea do dogrý de lit)-'t4 suppl~men-
tamre. Capendant, bien qu'il Woxiate sucuno justification nAth~matique de 1'a',imentation do tendse du ta- 1-
bleau des donn~ea, il noun a aembl* utile, do vt~rifier si lee deux variables Ed et En Is Septum nont bien
cornel~es avant de lea u'iliser dAnaj Is calcul d'une grandeur ayant 6vantualiemeont une valeur diagnoatique.

5. RESULTATS STATfSTIQUES

5.1. LES NOYENNES ET INS ECARTS TYPES DFES VkPCARLES ANTHROPOMETRIQUES SONT DONNES DANS 1I, TABL.EAIJ Sul- -
VANTz. ___________ ___---

I IAV3_4
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TEMOINS PILOTES TOTAL

Moyenne Fcart Moyenne Scart , Moyenne , Ecart
type I type . type

AGE 31.000 3.175 30.188 4.112 : 30,606 3.685

iPOIDS 70.471 6.486 72.680 7.437 9 71.545 : 7,058

i .TAILLE 176.000 6.088 : 176.563 : 5.663 3 176.273 5.900

SURFACE CORPORELLE 1.972 0, 153 1.904 0.163 1.888 s 0.161

SHFRFJS DE VOL 2339.59 :1610.43 "-1844.RA : 919.22 1 2092.23 ;1334.19

TABLEAU 4 Param4tres statistiqueu des variables anthropomitriques jtuddes : les paramitres
t~moignent de la dispersion des populations au plan de la qualification profession-
nolle.

5.2. LES ANALYSES DE VARIANCE PRATITQUEES SUR LES DEUX POPULATIONS donnent lea r~sultats sulvants pour
]a variable F situ~e entre F1  63 et F1  65 (cf. tableaux 1 et 2 en annexe pour lea valeurs
manquantes) .

Aae o ,787

Poids 1,617

Surface

corporel le 0 ,641 •-SHeures de vol: ;2,207I isent I valeurs critiques de la distribution de Ia variable de Fisher pour le niveaux de

Prob F (1160) > 7,08 - 0,01
Prvb F (1170) > 7,01 - 0,01

-5.3. La visuali at Ion de cooersultats est apport~e par ]'analyse en composantes principales dane Is-
quelle il convientode noter que le tableau deg valeurs propresocco|• au trace du cercle do correlation
est le tableau correspondait aux co.apozantes principales obte:.,'es dans 1'espaqe des individus (graphe
N' 1 et N' 2, on annexe). Pour la *-zp:lation des Mirage 2000, le; riaultats sort visualises gur les gra-
phiques NW 3 et N- 4.

5.4. Lee moyennes et 6carts-types des variables ECHOCARDIOG•EAPHIQUES sont dorn6es dans in tableau 5.

5.5. Les analyses de variance pratiqu&es our lea deux populationz donnent lee r~sultats sai'ants pourSin variable F telle que F I I 6S (,f, tabletau I et 2 er. annexe pour 1,ýv valaurz -anquan:tcz).

O( - 4,127
VD - 8,265

VGDd - 0,577
"VGDs 0 0,002
"% Racc = o,266
Septum Fr - 0,224

Septum Ea = 4,585
CEpaitra,

septum - 0,866
FPPo Ed - 0,385

PPo Es - 2,568

I Epaiss.
.PPo - 0,620

Les valeurs critiques de la distribution de Ia variable de Fisher pout lea niveaux de I I ot de
5 C sont

ProL P (i;G0) > 7,08 - O,.--

Prob F (I;70) > 4,0.) - 0,01
Prob r (1;60) > ',53 - 0,05 vv
Proh F (1170) > 3.95 0,05
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T TE401 N S P110158 PILOTES TOTAL
total ia not. vonti. 0

NOYENNE a CAR? MOVENNE t CART MOVENNE E CAR? a OVENNE i CAR?
'type a I type I typoe type

or 32.353 a3.125 30.813 a2.929 630.125 a2213 a 31.6o6 a3,125

VD 13.265 4.157 a16.750 a5.480 a22.500 a6.330 a14,955 a5.151 3

3VG lDd ,48.500 a3.338 49.219 a4.202 a51.000 a3.608 48.848 a3.194

IVG Dos 31.294 a3.204 a31.250 a3,384 z 33.375 ;2.824 a31.273 ±3.291 3

A Race 35.741 a3.300 a36.211 a3.971 234.656 a3.S20 a35.969 a3.6511

sepL. Ed a7,265 a1,379 7,438 1.537 a7.875 a .0C4 a7.346 a1.459 a

Sept. Es 11.344 a1.993 12.094 1 .701 a 2.125 a1,364 a11.719 a1.6893

op Sep a60.683 a23.088 a66.706 a27.588 a56,647 a26.326 t 63.694 a25.634 3a

Ppost Ed 7,147 a1.330 a6.938 a1.1f67 7.375 a1.577 a7.045 a1,353

4Ppost Es 11.719 1.094 12.000 21.678 :12.000 C' es, 11,859 a1.421 1

4% ep Pea 70.985 227,075 75,698 219.456 268.075 226.098 a73.341 23.6872.222.221

T A B LEAU 5

5.6. La visualisation de In projection du nUa90 de points individus cur Ie maillour plan us disperRion
cat donrad per It graphs n* 5 tandis quo ls projection des points variables dans !e plan du corcie do corr6-

lstion cat doaanke pot 1e graphe no 6, is graph. no 7 concorne lea pilotos ayant une anomalie ventriculairo

6. INTFRPPRETA'rION STATISTIQUE

tVaralyae do variAnce pretirqi~e our los doranAca ANTNROPaIETRIQUES a
t 

is caracte~re professionnel
rae pirret peas do rejoter 1'hypnth~se nullo 2 oels tia.1iquc dnnc quo lea populations rae sont pas statisque-
mont diff~rentes pour les caract~res htudi~r.

Dns coo aceux popuP"j tuna, poids, taills, ot surface carporolle scant porfaitoment ccrrsl6or
mas la correlation entro Ego- et Io nombre do vole eat nulle, coo deux variables indiquant quo plus un so-

jot oat SgA, plus ii a lexcprience du pil,,tago. Coo donnn~s 901 no cant par. noi'atricos ont lavantag~e do
r aaontror la validitA des calculi. Le graphique no 2 montre bion l'homog94rA4±tS des populations qui so placent

dana one hyporollipsoldo proche d'une hypersphire isl ypoplation de Mirage 2000 oct cortainemont on peuI:. asoins homogineoen ce qui concerne 1 a 8 9 0 , lo poids, le norsbre d'hsures do vol.

1,e& vaelurs des principales anesures LCHOCARD300PAPHIQUF.S sent rapporthec au tableau 5. Cmoasr
6
esi

aux donnAos habituelles do Is litthrature (HENRY W.L., GAROIN J.1.. ou PE1GP.NBAUM H.), lea 6carts types do
nos r~sultata sont meillours sii conviont de pr6ciser quo riotre population Pour homog~ns queale suit,
eat eire population d'adultes miles par d~firaition on carcellonto cant6. On no sq4tonraora donc pas do trouver
aussi, des valeure d'6paineeur des paroia do muscle cordiaque supdricu~rea dans notie populntion 4-videmnent
plug sportivo quo Ia moyonne do is population des deoac cocos. En cc qui cuncorne 1'anolyso do variance A
uaa critk're portarat sur chacun des P41&±nts 4chogrsphiquea, on constato

- qu'il 'eaaists pas de diff6rence ststiftiquoanent significative entre lee populations
"Mirage 2000" eat los timoins pour lea direnvonsln du lDd ot Dos du VG, Ed du Septum, Ed et Ea do Ia ?Po,
pourcentage d'Spaiscissement do Ia P,Poat

- q-01il oxiute uric diffdarcncs arignificativo (au ni';oau de 5 Ildes dimens~ons do lioreillotto
gauche et de l'4paissour dii septum en systole a

- qu'3ll oxiate onfin one diffAronco IiAUTEI4ENT SIGNIFICATIVE our lea dimensions du VT,.

i ! 4V
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Si lion so reporte Au tableau n- 5, r11 apprrmalt clairomont quo cetto diffý-rence ret is fsV,

dc-S B pci canoes pour lo.squelles ii ak &irA doom 1$uaic 
6
taaý detrt iCUl LýerOlto ILet - anomalies - Ventric.

droitoe) .[cur cayenine VD oct en effet 6galr A 161 do la isnypnne do la population t6moin, avec 'in Licart

type. win peu sup6rieur ", 2 acm. Si lion retire ces 8 individus do la jxopulation totaleo des pilatos do
Miriqe i lE) ii rexisto plus do diffairence apparaissant entt-e los dews populations mats la i'aliditv- dii

* test statictique ofl elle-m&mwe dimirnuae d'autant I

F - lesarnen do la situation des nuaqes do Viints cii le mealleur plan do pro~ecticn montroý appro-

* sinadti vmoiat quo, sar lienseanialo d~es variables aichocardiographaiquaeg los 2 populations rodtent hemnoqhnes
(it .ajhe ra

0 
9) Ptatrue les butt sujers pal cant rosponsahlalo do la dlilferenco pracicdennaint cir it, snrit liar-A

¶ noinieiasemeni :Lstririaa-s par rapport au a~ntrc do qravitai dc la proDOCt;ai, den j-blus indiviadu:- Resit, Is
7 d~licat prot.Ure do 1'1ui' rpr~tartan de la projection des poinin, variables cur loý cercie dot conclations

±1 niest pac possib~le d'admettrr quo lee A-paissosirs do septum en diastole et era syatole 'rant deuxr para--
metros corieics 1 acqaiisitiac do lour-s dimensions pose -au plan putomont qAiomaitriqu- -ie problene. En
effet, Los isesuies soot reaviscur one projection corvilan~aire (1a parar thoracrlIuc) d'un Aldcenif car-
diaque EN MOUVENENT et qua ale pljus, a qrosciw~rement I& force d'une calotte spbarirqia) .i Do mýme, no sort

pa-s corrolabs les parametrec repriesnte-b par lVopaiseicsomenr do la parr" piost~rioure aux dons p~les do

cycle eardiaque,

Par cou~re, lns dimensions du VG ena cystole et on du.cctolo doer bien correleres cu qui saqatfie
quo ii exists one relation commune ontre le sena des variations des F11 ýt tioe ris do 5 iacZ tous lee Indl-
vidus, autrement- ait lo aibe dV ttcW atyratsoitco.rrel6es.

7. CIMMENTAI~RES

j laM~tude 6chocardiograpliique et l'analyco statistique qui on a 6t6 faire font apparaitre leaA
points suivants

l a d~couverto dianomalies mineuros do la valve citrale, taut A fait raa~coiniaec, aussa bien

dans 1A population des paLates do chanss, quo dans la population tssian. La d~tection de cis anonalies sus- A

cj,ptibles d'aqqIravataan sous linfluence do fectetars de charge juntifient la pratique do loexacen au dw~bUt.
di, la formation cur Mirage, 2000 et la surveillance r6qutilre iolme si Is daicision imn~ddate 6 aptitude n'estj

S f ~pasi mroid~fi~e.

- Lexsitonco d'anacalies voetraculaironl droitec ciqnaficativocent plus fraiquontes dane la pa-
tpulation des piluteS de cliacce posent le prahla

7
.cr do lout siqeification. La riemparaison avec one popailation

horoq;hne dc pilotes d'une iautre r~pi;,ialat4i fait onvi-Jager pour lei- pilatoc de charte l'intervention d'un
-faa-tour particulaor sux avions do combat A savair li;s accil61,rat ions. Ccc auqgmeitataios do dimensions du

elspouvent aouss traduirr on stade pr~coco d'atteinte rnyocardique. 11 ocr actuellemeet impossible do

V ~trancher entre. cnn doux hypotli~cec. Seule one surveillanjce riqanreuse des sujetset orne confrontation do
non- rAsuItatn- A coon dc travaux c.ittllaiceg pourrarat sync - eap apiq i Y c 4 'dos~e Jele6ments fie reýponee.

i - Parmi los parami-tres do surveillance Pchocardionraphiquo, Ic p-narcentage do raazcourciseeeeont
du dian~tre qut est un bor rellet de Ia fonction ventriculaire gaucbe nools parair divoir Orre rotenu pour

tee surveillance A1 long termo. lb-is avons contrA6 ma validitwi par oppomitiona A. d'Altros paramrwtres dtudimis
comme le pourcentage d'6paissiesectent dui septum an do Is paroi postairioure.

5, APTITUDE

Tonls los pilati's cant le sujet portoir d'une innuffisanco tricos.Pidienne ant cansorvA. lour
aptitude i on coneid~re quo lea anomalies coyuetaties entrent, dane Is cadre d'une "patbolagie franti~re"
quo Pon no sait actuelloarant situer avec erxactitu!,C.

CON4CLUSION

LP sauci do pr4eerver la en~curitwi des vole faco A does cantraintee nauvelles et is di-apainibilit6

dstechniques actoeliet dainvestigatlon iiaa eangisetee sainnent A dAcoovrir touloori plus do can do "patha-

a Pour wiviter de verser dans un exeiis do prudence atoutissant trý!s vite A l'unofficselt4 ot rout
- i viter A l'inveree lioscas d'optimismne, ii cot e~cesesire de prodkder A lasnelyse critique du risque encouj-

ru of de la valour des c~thodes do diagriotic ;A cet 6qard, lI chocardingraphie no-us apporte les avantaqee
do la fiabillitai de la feciliti d'easacutlon et d'un eurorolt d'inforrraaion. Nous espirone avoir d~mantrA '
- 'intirF-t do son inclusion systiantique done lea protocoles d~e e6lection des Aqoipagee, des future avions
do combat.

I ,vn~ IiCentre Principal d'Fsportises
M~diicalpe du Personneil Naviqant
O5bis avenue do la Porte do S~vres

Pirecteur aM~docin en Chef MANENT TI

HNYWLWRE:L J.ritAlaIN uE: HEfiNER S.1 ,4 Mc Y J. , WEINEFR M.[ri <
EcbocsrdtogiahibcmnTncaaa...ntsq In normal subjects. Circulation, !i7, 278, 178,

_ ~&vt
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A N N E X E 4

TMCE W~ CEMc.. DE CORRELRT!0N DRNS LE PON FMCTLJRIEL L-2 CORRESDNDANCE !NDICES-CMMTERESJ2 *Poid.
5 *Taill.

S4 aSurface corporeIle
5 - Nbra hsure, do vol

Grapho a, 4

Fiehisr :DI(0?11R2.DI'T

Val. Pr.po %~ a irtim Cu 0u

.12. 464 45. 71 49.71%

_________________________________________ 0. 18 - 3.,22 58. 4%

TRHCE flE5 INflZIVD DMSi LE FLF~N HICTURIZEL L-2 CUMREPONa4CE CiLEJUARS-L-401VZDU
Rouge :Pilatte. fIRME 29000

+ Fishier :DK0:fl1M2.T

4 * S LISTE DES CMKITERES ETIJCIES

+ ~:d+
4 ______________Teilie

4 Surface aerporells
f Are lisurve doe vo1

Graph& n'4

- ' - 4 1
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ENRE(1ASTREMENT CONI INU DEl ¶.'.G. Cl-lZEtIS
* (Cnin~~PunLOnaEc D WINPRACE 2 0 0 0IA* l!

A.Scipcnuric G.Legun3---J.PBurlaton
Ipi -~I Instruc ionr des Arm&,c.. -. Larrcy

-u1 rde r'tiddpendance Am6ricainc
- ~78013 Verni;Usc Han~rce

On eur-vgistrouonit2-C.G. continv 1wic'nt '4 hauve. a paruis do coaparer unaShntl do
- - __,- 4 p~lotec d'.viou do Chasse oonientiunnei (Mirl.gat 117 ot 1) avec 7 pilatam do Mirage 2 000. La

¾ ' *omp'xrsison den troubXeu d G ~exiaikt o t do Is. conduotian &a aol at en vol ne miontre pam do,
diffdronoe notab~.e mitra ion Z groflcea, Do troublo 4w rapolarteation en vol n's, dtd nregisrrd quo
ohoe un pilot.. dsvion haute porfortanne. LoVt LLi!Erenoes portent prinoipalanaent our lee frdquon-.
c0o car$7t54ut,- ohoervdos -en vol. ':Illea aunt )%at eretat infdriwures su'% Mirage 2 000 Clorn quo lta
ero~lttrat.lons obaer,6oe ant (Ct4 stupdriswra. Coci pout cotrotepondro ha? car-otdriat5-quoa diffdten-
toe des 2 papulautionn, ant t"pac 4te Hiceouon effeatudee. On paut dgslosont t~ioriminer loo prob~hmoo
d'adaptat,4on eardis-vaaculsire *A on ncuvoau typo d'appareii.-

CLos aviopis de chgnee m9Adruea, oarsc 'tdriads par leaw aoo4tdz.tona itatnses at prolontdasz
Vqu'.LiA, sont aupablom d'engondror, aoqaatitnent certsinoucnt ian Sýsotour d'agreoaion important pour

!so -'ots 11 imotsd tei~lno:, onpsrtioul, at , ltuinfl~u:nce do tofles aocdlirati::s our le

* tvit adon utique dt noyonn do' 1 on 40ew,,. dn vol. oprm e iuttootnmao axql

-r:ihtý4duý t& do 4iraoge~ 2u noun d'auoyens o 0 ents atr qsat vione oy do 2hss 300 htype dou
plu x ±6 los-i

A'A

?lwao s4Mr 31 I p ates Xirag a eiatron nt E.C.G. can stnisbisor do 2 41&oa n aunsee.
* EvWcc. arougr lu mdtoda1 de o te a 340 ron dslVol. D snolgt~ooto~oiteettvi

jP opotr1our Iv aviboAsei31 sil oatsu isauoiletouwat eatiastionln ao socidatil6 do a4nore-

lies do do a portd 4ur Ildvolution ds L.. frdqi±4.nao o crdiaque, .1es dyarythuisa at lea SaOien-
lind &repolarioati~n an diatingvrzt Iea po~iodas do "@1, l'a,jtivitd diurno normale et Is. pdrio.-

do acefturne.

Los apperoile denra~istreuený utt1l.uta, appareils clanaiquoc habituell~anont utilieda an
o-irdioie~iefr out 6t4 prdslablovioot teatde enk centrifugauee jtaaqu'h 10 0 pour *'sassurr Ao l'absence
do fluotustioatu aiptlifoatiynu Ao I& oou~vbe do rpepoas au. cours does sodidrationa soutonuos at Anc
-isuLo irtfzorsitj, Lea. vdsultstu ant dtdý tout A& fait oatisefasiannts.

La. lecture slant *ifectude h 100 £oia I& vitonas d'an-r.mgiotrcuon-t avonc anslyso trho prd-

Stu- Xlvage III et 71, a6u tc-tal39huedovlnt x r#say& ofgn

tout &fait prd~oie..

A ~Ite pie matins d'scodildration obtenia pour l'ouaaseblc des 24 phlotos u dtAdoti

6,5 rC. I~t nojann*eaffootude svrm l'anseubla desasoodidration axisias rslportdeo out de 4,7 G. 2

T ramil; Ani Seruice do Uddeojue Adronsutiqueo (Coutrat W*2V).
U18pital b'Inautrnwtion das Andsto DO3UA1l;fl 1&MHZ V= Vfl AI S.
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Sur Mirage 2 000, 10 hours. do vol ant pu Otto sntlye6ee carreompandtten 14
-massions dont 9 aveu un Pic 4'aca6l~ration cupdr~tour L\ 6 G. Lo Pic maxtaius d'a4oodldratioa a Std do

8,5 G alarm quo I& mayonhme den usuima rdaIlo.14 u'4tablit ?( 6,6 G.

Chos 3 pilots@, Is factour do charge mainaastoatg a~ocoupn~ des I& nurvianuc
d'un voile grim.

Aa'malioa f.C.0. our loa 24 horome.

Vle Si o.cnt prdoluoce cur Is tableau cuivant. -1

D)YSUYThMEB AU COflS DXS 24 EMUES

Tableau I

71 atIII- 0

II

ESA'_=-10/24 hi. 292 a

rESY--..1O/24 h. 4,2 % 0/7 4

1aI 8,3 % 1 /7

* ( AVI 11 0 % 0/7

dLse ud extra y aIls aurolie nES) ont did primec on ompte quo lczcquo lour nombre

(ESa). Ii. s'elceait taujourc d'eztrascyetalee icaldec cane doublets xii calvoes.j

r ~Leos e*naliec do conduction A-V cant rocidoc toujoura mineurec (siuple silangement nc-
t turno do P-R) ct Pau %rdquentec.

Anamalioc E.C.C. oanefogtrdec en vol.

211cc cant prdoioose our 1s tableau adveant.

ANOMALIES E.C.0. AU COURS DES VOLS
(chili ro tatal obtonu)

Tableau II

Miraeo Mirage
F1 ct 111 (39 )1) a 2 000 (i0 h)

E SA 'tatle. g 2a0

F ESA Gataloc 
1 12 

a 10

BAY 0 2 0
* ,.Souscddcslage9ST 1 0 a I

Los totaux obtenuc cant trim £sib~ec on part~aulior pour as pal conoorns lea 2EV dane lee
* ~2 dahantillona.

11i ny a pLc ou do trouble. do conduction A-V.

On pilate do MirAge 2 000 a prdeontd, & Il'acaaian d'urao acodidratloxi avoo frdquionne car-
disquo 140 par minute, an cauc ddoaaleo .freanc du segment ST.

9 ~ ~ ~ ~ ~ ~ Ro cenmzn:?% ro~er~dlaauccs en vol a pormteis I&anoparaimara doc mayennoc dec frdquen-ce mxmaW~nt gnrale o~ur l'eaaeoubjle de qette pdrioae.

3ile oat prdcicde cur lo talbleau cuivant. Lgt

4 'i4.A
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YhEQUINCE CARDIAQUE NN VOL

Tableau III

Mifrage aMirange
Y1 ati IN 2 000

Pr~queno* saxifta I A
(meyonn6e) *130,0 8 116,0

Friquenoo moaenne *
(global.) a93,2 aS6,4

11 @at dgalomont intdroonant, pour Is@ pilate. do Mirage 2 000 qul souls *at 40d victims@

t do ph4nombnes do Voila grim, din pr~oiner lam conditions do coo dtats critique@.

Elles ognt pidojades our lo tableau suiv'mnt.

PHIASES CRITIQUES

Tableau IV

Ilombz# do GZ MIax. I Voila Cris a Prdquenes cardiaqus maxima

+ 150

+ 120
+ 85

L'fn des pilot.., an particulier, a prdi~nen unf phinomine do voila Cris pour 6 G moulaomnk

awee sue frdquenoo do 85/ass.

Il apporalt nottement qulil nvy a pan d'auguentatien, our Is Mirage 2 000, do. uzsoma~ais

vibillt4 plus grande do I& repolarleation ohscoo pilote., La comparaimen no pout bindficior, on- i
pendant, d~uns apprech. statistique an raison des offootiI. modestensaotuolloemoat reounoillim. Cetto
dtude Weost ots'un pidliminaire.

11 noun paralt partioulibropenl, intdresamnt do Ia pourwaivreo n raimon dlu oaraotbro inat-

On observe ans oltet dew ohiffrow bion infdriours oh.. Ism pilot.. do Mirage 2 000 alor.

difdreossd'Ae a docom~teceadvonautiquo ooncornant lom 2 populations do pilote. a onuz dui
Mirae 2000Atat plm Adm t aantdavantage 1orsd o soa~f

Il taut Agalouont fairs intervenir I* durdo des aoodldratiorne, qui n'a pas pu Itro apprd-
aide, at qui a 6t6 vraluomblablsomnt plus foible ohes lea pilot.. do NirWg 2 000.

On romiexquera snfin quo dos signes do ma-avaimo toliranoe ant Aid no'tgs pour des frdqison-
5 ~oom cardiaquss ammois faibloc, tiscignant poutwItro do 1n ropiditi do alp* an oeuvre atud tel &Fpsa-

roil, deassmant parfoin I* tempo df*asptation do Itorganesae.

en Toutoo co: hypothboom adriteront d'Stre vdrifids. on sultipliant lea earegistroments at

onpricilsit au 105xla conditions exactsm does mission*.

Losn £anoldrations do fox-to intonsitd obtonsiom sur Is Miraeg 2 000 no vemblent pas modifier
3& frdqueona do survenue des troubler, do l'9osrotabilitd at do Ia conduction des pilot*@ loraquten
loin compare 9 cux quo prduentent Ie. pil~ot.. d'avion do chiae" convontionxaols.

bL'dolution ain I& friqmonos cardioque *at, pair nontre, diftfrent# at youxsrait traduire in*Sogrtaine difficultd d'adaptation du myotbme caadio-va~oulaire cc type do faoteur do charge.

.....................................
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7 91220 - BRETIGNY-AIR.

RESUME

Lea acctitrarions + U: que sobiasont les pilotes des nylons de cOmbat actit arythrtrginea. Sur 328 tracts
d'Alectrocardiographie recocillis ches 146 sujets subissant des acciltrstiona do + 4 1 + 1I Or et d'une
dorte variant de 20 h 60 sec. nous avorra relevt 215 anomalies supraventriculaires aur 181 tracks et 37
anomalies ventriculaires ear 31 tracts.

f La frtquenvc de cos manifestations eat fonction de I'intcnsttt6 de l'acciltratinn. Par contre, it no
aemfble pa. exister de corrtlation iantre lea anomalies tlectrocardiographiquea ct lea manifestations himct-

lance tlectrocsrdiographcque tout int6rit pr-tdiclif cur Is toltrance fonctionnelle, non acctltrations.

Lorigine de cc. troublen doj rythmre eat vraiaembiablement lite sux r~flexes vagaux provoquts par lea ma- I
noeuvres de protection so cours de laccdltralion et par le brusque retour vetneux I l'arrat. da Is cen-

1, INTRODUCTIONL

Les prien''rs troubles do ryihire sous acc~ltm-atian ont ittd dtcrits avant Ia deuxitrse guerre mondisle.
VON DIRING! Ii, CAUER, avetent dEJh dtmontrt Is cartict~re arythmogsine des scctlirationa.

Is& plupori des ditudes ant montir des troubles do rythme concomitant do Is phase di'scctld1raiion, pro
se soni ati:ach6es A observer Is phase post-acctltrstion oo phase .1. rtcupdrstion. En fait, corure dansf ~1 exet-ce miscolaltk, eerie phase eat viiche en anomalies Elcctrocsrdiographiques. 11 existe one certain.
similitude dons la admiologie Slectrocnrdiographiqoe entre con dean situationa.

L~a gravitt de cerlaines m,-nifestat ions et 1'arrivte de nauveaut: avions das combat perrreitant des aictit-

rations tivAtes et soutenucs nous ant amen6 b recherchor on critbre objeclif et facile A rocuecillir de Is
tuiltrance phyatologique au facreor de charge.

Unite. ýLtdn. a i-.r but dr ctervchar ' 6rablir. -! I--: trcfbllcn du ryr me eteient en relAtion ever lea ma- I-

n ifestationst htmndynursiquos d'une part et Is toltrance d'aw.- part.

j ~2. NETHODOLOGIE

Ctote. Etude a liti r~alisAe A part ir de 328 tracts d'tlectrocardiographit enreglateta chez 14b aujeta so
tours do lancersents en cetncrifugeose. Le sujet, 6qutpt dtilectrctden; eat seats stir on sl~g. Mactin Raker

HR TV., les acctliratlons 6ont dirigies danvi Ie sernr pled-tite crdarmi one force d'irertle Inverse qut
a'eserce scion lea axes de3 gros vataseaux poirturlatat de fcqn~t majeure l'himodyitnmlque. Let ctireglstrements
not 6t6 offtcitus avantj pendant et apr

t
.a tin plateau d'accd itrat tot, qul at de 20 secondes h ant minute.

Lea niveatng siteints varidir'ni de 4 A 11 Gz.

3. RFsUI-t:'Yi,

Uric uajorlit. ti'tlei;rrocaidtýgrtnrpme.' (tableau 1) comporie des mod-AficAtionn puisque sour on toital de 328)1
tlecirocsrdiotgratmmes, 193 prksertieni des anomalies. Lea troubles sttprsvcitrticolalres sara1 priddrianlttat
avec 182 tracti, landis quo. Leo troubles veniricolalrca no soni obsncvts que stir 31 tracts. Urt certain noc-
bre de tracds prtsontsnt A Is fots den troubles do rythrre des deox 6tages do incur..

les msnlfesrstiorr auprsvenrirrcuLairssi us prdsotrlent pour le mstrte tract, sort anus is forme d'un seu]

typ, Iariormallc, et crcl eat Ie fait do. 151 tracks, solt sonusla formec d'une association t'anomal les, rerst 4

ce quar Von vrit ocr 31 tracts. On comptabotllse alns1 215 anomalles oupraveyrtriculafires.

De In m~rse (sran, lea manIfestatIons venlrlcula.res ov pr~er~ilent stir 25 tracts soon Is forme Ponr seul.

tyed'arnos'slles et stir 6 tracts par tine assorciation do difit.rentes anumislams ,cc qul expllque qu'on a'r
ccrmplabillole 37 a'nommtleq vantcicolsircs. -
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3.1. - Dvarythniies supraveritriculaires (Figure 1)

Lea attolnies de Is cometande sinusale sant trio frtlquentee puisque 1'on observe deg aryibmica
atnusalea sur 35 pour cent des tracis et des Spisodes de bradycardica relatives sur 11 pour cent des tra-

cd.Plus rarersent on observe des ticlappementa nodaux (3,t, pour cent des tracke) et des rhshppemsrncs anti-
culaires HI pour cent). Lea exirasysroles suprsventricnlairea sont prtisentes sue 4 pour cent des trartis.

3.L.1. A

Le plus acuvent, ii s'agit d'une aryttimie respiratoire sync des espaces RR variant de
240 1 44,0 isac entre lea dana phases dun cycle respiratoire. Cansidir~es coasse physiatlegi~quep, elies ant Ia
particulariti d'Ets-t. iriduitte par Lesascdilhrstiane thee des sujctr qui 9noyr pas d'arythueie reepiratoire

au repos. En tait, le plus souvent, it s'agit d'une majorationt d'une aryrhisie respiratoire prtiexiatante.

3.1.2. - Bradycatdlesreaie

Ces manifetiations; sont relev~es A '43 r'-prisca. 11 s'agfLt suit do bradycardica mnodti-
* des It 60, 55 cycles par minute, salt de ralentiaseetentm francs do Is fr~quency cardisque par rapport

IA fr,%uence habiturlir dc rvpos, Cette diminution brutale eat sartn. de 10 1 32 cycles par minute.

A 10 reprisesa. Tone swans obsrerv6 des diminutions du ryttime cardiaque our un fond de
tachycardie, TI a A.igt Plare done cc can de bradycardias relatives, I ampleur de cette diminution tdtant
d'une qusrantalne do cycles par winute. Can bradycardice ano t i d4clenchties dans trols cas par uon extra-

systolic supts-v'.triiriulalrc.

L'itporiance de cette dipression de 1'aczzivirtA sinucale favorise parfois l'
6
mergencc

da complexes dt6chappasrents jonctionnels voiv de lambeaux de rythme joncttonnel on de rythmesn atiriculsires

ectopiquea.I ~~~~~~~3.1.3. -L!2wss.d.cs~mn

Deux origines diffirences ant itti stiributies A cem complexes d'.SchAppersasr.

Dann 16 cas, cea complexes aembient: provenir dii noend d'ASCIAVIXTAWARA at nose lea4 ~~qualifierons d'.chappements jonctionnale oti nodaux. 7is sanE suit uniques. on se prtisentitnt atsoIs !afrineIVI
- Sur 5 tracks, cern complexes semblent avoir pour anigina un foyer ectapique au ni-

Vean de l'auniculle. Suor certain. tracis, ce foyer eat unique i cc cant den Echappementa auricuilaires clar-

siquca. Sur d'autreen, ii eat erestique~londa P' 6tsnc stars de morphologic variable.

Ainsi, dona deux can an a po diccuter l'existence d'un Wandering Pcce Maker. En

effet, chez onf m~me sujet mnsu avina observE an cours de quatra lancamemis difitirenmi Is rimperitiom dan m~me
phtinmine n A savuir tin rythrme aiuriculaire ectopique de 82 c/mn snir 3 A 15 complexes. Lee complexes QRS

Pant pric~dda par une ande I" variable qut indltiac un axe variable, dotac tine stimulation d'origicýe variable.

Comme nous lavons obeervti dans ce chapitre, cam 6chappeieneor et bradycardices cant
psi tale dticlcnchtis par den erxtrasystolea aurloulairee, Gee excaseystoles peuvert asued Lire icoldet. ei

,Iiasacit~s des bradyaryiheries.

3.1.1..-hiaytleeprvnr os c

*4. E llen svn' mouijours pe-i noirdreuseget le plus souve: observces soug at:61ruotion

En effet, dons i1) cea ii s'agit d'axcrseysatles isolties of dane 7 rae dl'urý suite de 2 i 4 extrasyaitoles.¶

donr aurculpai(e. lisle repoei Campeneateuf et it n'y a janais de passage en arythinie complite par fibrilla-

tionauriulaie. M l*'areillertc n's; pa. le privil~ge O'sa,extreeyetolee at none en avon maueal observiI au nivean du ventricule,

~b 3.2. - Troiubles du rythere ventrlttilsire (Talbleai 2, Figure 2).

Las extrapsatotee repribtntent lsee ceulee aittnomlies ventriculeires observ~ea. Ellite soot I,- pinsw
l'ouvent prisences lore do Es phase d'acctit~ration. Cee exiraosycolce cant uniquce cur 14 tracks on multi-

plea cur 17 tracks,

Dana dens cee 11 y a des Episodes de -'ýq/isnieme at dane 3 autree cite, des Episodes de iuiaimi-
niame. Enfin dame 2 coo Ie$ eatraeyetolea vencricuiaireasocnt 4n salveitcena l'un,c'eei uric calve de 3 ex-
tracystolas ventriciulairea polyse itheat done Vt'atre,unn celve do 5 catrecyscoilee ventriculciree. Dane cf.

cas eooct ceiie tach~ycerdii ventriculaira eat cnuposec d'aitcrssyacolce potymrorphea. 'outee Les entree, Mant-
feetatirms vantriculairans cant uioncmotrpho.a..~"

3.3. Effece des aecidratiane cur Is fr~quents d'appariclon ties dyc~yctimias (Tableau 3 ,Figuret 3)

Ltapparltion de cam manifesataiorns paralt ti4e ouasvi at' nivean d'ar~c~ldration puieque ci on-a.
'porte nos rdsulcaic cur tin diagrwams, dent l'abecleae reprdrenane Ilocct6ldracion exprimidc en £ et l'ordon -V
nt mdc Is, tdquenct* dtappenritttiosniprterc on porejaedeseeanifeecactoqne ,qprvevntsicnlaisea -obaservdes .

- '.. ....- wt \J N

-j n m a i
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pour uric accdldratior, ddtervinde, on observe qu'i partir de 7 Gz cheque laricement diclenche des manifesta-
tions dons prim des deux tiers des cab, malt seulsiasnt dons mains de Ia moitiA des cas au-dessoua de 6 Cz.
A 10 et 11 Cr ie fair que taos lea 6lectrocardiogrammea prdaentent des modifications n'a pat valeur sta-- tistique do fait du nombre restraint d 'observattinns. 'late aucuri des auleta ayant rnidrd de tles facreurs
de charge n's prdaenti de trouble de i'A1ectrocardiogramme b3 ou 3 7 Ga.

Etant donrid le rombre reatraitri dextrasyaroles ventriculaires cbaervdea aur not 328 enre-
gistrements, ii n'apparair pat de relatlon entre I& frdquence d'apparttion de ces manifesatironsa et ie

qieud'accdltration.

3.4. - Relation entre troubles do rythme et tolgrance cILnique

Sur ie plan clinique, aucune diminution do champ visuel, ctimoignage de la qualir.ý de Ia per-
fusion oci l'emssmbie cdphaiique et a fortiori mocune perle de connaisin-n':e nWeet apparue pendant tea dya-
rythaiea. En particulier, ii n'a pat kt4 nbssrvd d'altdrattori du champ visoel lots des phases d'extcasys-
tollet. Lea manifestations cliniques traduisant one intolgrance aux accildrationa que anus aovns observees
ont roujours Ltd dissocides des troubles do rythme.

4. DISCUSSION

Notre 6tude met en relief deux tyipes de modifications majeures do rytlime cardiaque chec l'hnrms soumis
aux SCC6 Ldrat ions I inenses et prolnngdos.

Lea troubles de .o co~aumde ainussie qoi sent 4voquds done norre drude surutannent essentiellement3'
Is phase de rdcopiration. Seulca, lea extrasystoic*asuriculaires toni abserysica lepius souvent pendant
laphase daoccdldratiori. Ca typo do raientiaaement sinusal a Ltd rapporrd par SCIIUSROOKS (1972). Dane la

publicstion de cot auteur on note, chez deux wujets, linarallation d'un rythme jonctionor 1. bane le
premier cat, ii a'agit d'un rythme auriculo-ventriculaire a 80 c/ian qul aurvierir aprba one paoce sinusale
de plus de 700 ma. La pause apparalt A Ia 24e seconds d'un teat anus fart facceor de charge- (- 3 Ccr) et

j '6aivnouit 3 larrit de Is c;entrifugeuse, 11 faut rioter que, lora d'un second lancement, ie mime sujet
[ prisentera one nouveile fois on rythme ectopique Idenrique, A caci pris qu'il ase poursuivra apris lar-

Depos qelqus an~e, onaccrde ne lusgrane ipor a uc sx dyarythmiea qui apparaissent non plus
a :P:::t:::5lia::usn :::t x:ll::m:z:, Soi c/mn.iousvo mime bora de ia phase de rdcupdration qui

a t e an. 'eatle gs e WINNEY (966 quitns~teourIa frdquence des arythmiea sinusales'¾pi des. tests an centrifugeuse char 22 sujata vanant de subir des teats A 4,5 et 7 Or pendant 15 stecn-

Enfin, gs pose Is probliem des relations entre lea manifestations cliniques des effers physiopathoin-
I ~giques des arodidrations et en parricolier des effera himodynamiques cdrhbraux d'une pa-r, at lea irartifes-

rations liectrocardiogrsphiquea d'autre part. En dsautres termes, LI s'agit de savoir a'il exists uric re-
I ~lation entre Ia toLerance aux facteura da charge et ies dysrythrniea relies que onus lea avons dicrites.

I1 ti at an effat possible qua lea bradyrardies limitent l'efficaciti des riflexesecorrecteurs d'origine
siro-caratidienne oauggravent Is chute du dibit c4rdbral at parricipent h l'ttiopsthaginie des trouhies

niusou des pertes de connaissance. KIRKLAND et coil,. en 1976 et 'WiINHERY at coil,. en 1979 ont publid '
Sl'obsarvarion doune porte de vision no 'Is cannaissarico contesaporaine d'un trouble' du rythue.

En ce qut nous cjoncerna, no~ja n'avona jamata observi de trouble do rythme asriocic A one manifestation
clinique. Nous n'avona jamais observ6 de bradvcardie pendant to phase d'accil6ration et routes lea modifi-
cations do tracO Alecrriqje, mime majeures, Wnoti jamaisa eo de traductiori cliniqus d'uu-ant plus que ces

Iphinomines turvenaisnt pendant Is phase d'arodld;ration. Doen tout lea cat noi diffcita visuela ou troubles
I de conscience ont amend 3 intereompre Is lanicemenr. Is tracd dloctrocardtouraphique n'ear dre-lL abnolo-

merit normal, Sans poovoir rdpondre difiritivemant I is question, ie fair que lea dysryrhmete que n~ut

avons rappnrtdrý ausid bien qua cellas quonrt d~crir'±s lea auteurs arsdricaina,soiaut d'autant plus tispor-

1 tarirnes qua l'accdtdration eant intense rout parait 6tre on scuids argument de prd.anmptiOn tr faveur de i
I laction directs du facteur de charge sour is rythme csrdlaque,mime oi Is trouible do ryrhme napparait qo'&

p 4 la cessation de la contrrAnte et mimes st des mdcaniameh physioparhologiqoaa neuro-hormonaux ou mhtabnLi-j

quea interteddiair-es rcant impliquda.

En ce qui coocerne lea troubles de i'evcitabiiir$A on distingoera ceujs de iý6tage supravetrrifculiareaet
ceux do ventricole, Lea troubles de i'exrirjbtliti auriculaire oont peu friquseiroent renconrtAg bora Car-f cdidrarion + G7. NI TORPIIY et co'.i. (1966), ni SIIUBROOKS MP72) nobsarvent d'augmsntarion significati~te

do nombre d'extrasystoles avec ret axe d'accdldrarion. Ce fait eat en parfait accord avac nosa cdaultacs 4

I ~~lopDOca de ceux de zuII)II CoiilitQ'ib)ei WHINNERY (1966) qof lea observent h Is phase de rdrupdration.

Inor friqoence et lour gravird scient trim variables d'une observation h lautra. TORPIIY at coilt. (1966)

nosretpat d'sstraaystoies ventriculaires pour des sccdldrsrions de heut niveso aui sont A i'origi-
ne do perica totales de Is vision. SHUBROOKS (1972) consitst que 93 pour cant des tujets qo'il tenmet
45 satonides I do@ acclidrations de 6,5& 9 Gr an prdAentent. La nombre de cat ,rxtrassytoies est plus im-f~,. portarir A 9 Cc qo'A 6 Cz. Dane notre itude,i'incidence des accildrations cur I'appsrir ion des extraty.-
tlois veritricolairas ast faile puitqu'elie n'attsint pat 10 pour cent. Par contre, coasts rout, WHINNERY4

at coil. (1980) dicrivent on lambeso de tachycardie ventricuisire A P'arrit de Is ccntrifugeuse. Leas
diffhrences notables de frdquence d'apparition de cat troubles du rythme d'une itude A lautre tiarineni t
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vrcisecbleblement A Is multtplicltt des protocoles utilisda et tr~ai probablersent eacta au recrutosient des
sujets Atudi~s.

L'origino de can anomalies ilectrocsrdtographiquea n'cst pee encore clairement itabl!e. Cartains cau-
tours atllguent des troubles de Is commsandoecxtrinal~que du cesue et voiornt dens lea troubles de l'excita- t
bilitt une dyctonie nenro-vtgttative. D'autros font appal A des modifications de rempllssage des cvittds
cardicquos sous fecteur de charge store quo d'eutrea encore pencent & des troubles ischdmiques isyocerdt-
ques. Enfin, Its changoments do position dui roeur dens le m~ddastin provoquI6a pAr lee forces d'inortie

seritent impliquds dens le proceasus. L's tric nombreuces macurea de flux on du dibit coronaire effectu6,es
chez l'animcl no parmettont peas de ddmontrer Ia nature isebduique de eec manifestations. Do I. mime feqon,

leas dosages *Ifriques des enzymes tdmoice do In contraction myocerdique (SELLERS et coll. 1977) n'oot jamata
permis do *ettre en Evi~dence une sonffrance myocordique de type hypoxique.

Ces troubles du rythmc pourraeant Zire lilt A des factoure hdmcdynamiquea (LPCUAY, 1983) et aux Iidpon-
seae xcessivos do rdgulatton (WICHITZ 1975). En effet, lora des acccdldrations + Ce, las nodifhcatioris h~mo-
dynamiques entratnent une hyporactivitt orthosyrnpcthique avec lev~e dii torue vagal s'expliquant par une
misc en jeu des barordcoptenrs sino-carotidiens et cortiquas. Lensemble des of tots do cotta rigulatton,
essocids ouy r~actions de stress augmentant Ie taux do cctdcholamtnes circulantes seraient iI loriginie des
troubles de l'oxcitabllit4 myocardique (SHUBXOOICS 1972, WLCXITZ 1975).

Leos troubles du ui'thce qul apparcissent h lierrit do is cectrifugeuse cii dens las premiliros secondes -

qul suivont peuvent a'expliquor par lea r~flex,'t mis en jeu loia dui retousr brutal dui sang veineux Aux tiavi-
[sc droites, mats aussd par l'impnrtancst dui teeUS parasympathiqiio. Ce tonus sorait ales h l'orlgine de,;
bradycardics. des blocs sino-euriculaires, does d.cippements. Lea spercife., lee longtIltgaos, soralont plus
aujots eux troubles dui ryihmc quo le zofe do 14a propulation. 11 Ile s'ait PAS petir autant de. manifestations

j ~d'inrulirsnce, mats to tdeoignsge do is prtponddrsnco dui noif vague dent l'irporcance sorsit lide au niveauz
d'acrdldratior, (rLERF at coil. 1984).

5. CONCLUSION

Uas dyarythmiece observIdee lore des lancoisents en centrifugeuee soot pour 1'ossentiel doa tnouijblee bLa-
nndeIa commeande etnusalo, idontliquos I cellos quo Ion obseorve done d'autres cirrons'~ances chat it

sujL Bin orede 7 patiue porivenotasmeent. Phusiours observations vionnent toureofoi ronforcor Ia

'Va fication physiopathologique, ci m~mo te pronoctic do ces troublles du rythmc no soot parfaitement 6tsblie.

~~ Cos dysrytbites posent le problime do Ia edklectior. et dui suivi midical des pilotes do combat. Dos4
I ~tests Eloctrocardiogrephiqnos on centrifugeusa dotvent..ils Sire utiltads pour sdloctfonner ot st'¼co len-
I tratnemont des pilotes aux occd)Erattone ? En fait, en Vhtal actuol do nos ronnaissancee, Ice anomalies

Alectrccardiographiques nc sembleci pas prisenter un factaur limitant aux eccdllraiions at no joucet 1 I ,
igard quuno vale do second plan devant leas troubles de l'hdmodynamiqno cirdhrale.*1~ 111 ELIOCRAPHIiI
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TABLEAU 3

DIFFERENTS TROUBLES DU RYTHME SUPRAVENTRICULAINE.

Acc~1~ration (Gz) 4 5 6 7 a 9 10 11 TOTAL

Arythmies sinusalej 4 31 26 33 28 i1 1 0 134

Bradycardies 2 7 5 17 4 1 4 3 1 43

Echappements 0 3 1 9 1 2 0 01
riodaux 0 3 1 9 1 2 0 01

Echappements o 0 0 3 2 0 0 0 5

Extra-systoles 1 01
auriculaires I____ I____ I____ _L____

TOTAL 6 46 37 66 37 17 5 1 215

FIGURE 3

REPARTITION DES ANOMALIES SUPRA-VENTRICULAIRES EN

% FONCTION DlU PACTEUR DE CHARGE.

101
F00 10 0

80

I 67

749

TABLEAU 4

EFTDE L'ACCELERLATION SUR LES ELECTROCARDIOGRAMJ4ES.

Acc4liration (Gz) 4 5 6 7 a 9 10 11 TOTAL - -

KNombre 13 92 67 87 44. 21 31 32
t d 'enregistrements

Nombre d'Alectrocar-I 
-

diogr~irves prisentunt
6 36 33 55 33 14 4 1 182des anomalies supra-

vent riculaires

Nombre 4'61 ctro.zar-
diogroinmes 'prfsntant 1 4 3 19 3 0 10 31

des an~wlma . I
ventriculaireu s-____ -- --i-----
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DISCUSSION OF SESSION ITT - MEDICAL SELECTION: CARDIOVASCULAR ASPECTS

(Papers 31. 32, 33 and 34)

COL PSIMENOS (GR)

I would like to ask Dr Hickman if you have a standard schem•e for high G resistance physical fitness
programme? Not high 0 training but a physical fitness programme for the pilots of high performance aircraft?

AUTHOR'S REPLY (COL HICKMAN (US))

Gen DeHart actually had a back up slide to show the USAF pilot physical fitness programme which is well

defined. It comprises a rather low level of aerobic exercise and consists In greater part of weight lifting and
resistive exercises. The programme has until now been voluntary and because of the heavy schedule of other
activities it has not been followed by all pilots. However, the programme is now standardised and Gen Delart
is recommending that it should be made mandatory.

COL PSIMENOS (OR)

I wculd like to ask one more question about sele;!tion. Of course we have been discussing medical selection
and I am sure that there Is another selection before or after - psyehotechivic selection/psychological selection?

AUTHOR'S REPLY (COL HICKMAN (US))

Yes, there are multiple selections but the driving force at the branching point in a dual track system Is not
medical. If the system evolves as we hope it will, the choices will be made administratively. The best
candidates to become tanker, bomber and transport pilots (for whatever composite skills makes the best tanker,
bomber or transport pilot) will be identified before the fighter attack reconnaissance medical screening is
done. Thus the screening will not dictate who becomes a fighter pilot but the choice of fighter pilots will be
based upon attributes of training ani.' performonce. However, a small number of those selected will not be
able to become fighter pilots because of phy .cal defects. Put the equation is not driven by the advanced
miedical screen, administrative selection con-es ,trst. Actually, if the programme evolves as Gen DeHart has set
it up, these aircrew will actually go to specific fighter attack and reconnaissance beset; before the advanced j
medical screening is carried out. This would allow us to perform the advanced medical screening at three
bases rather than seven. Thus the selection will be made and the airerew member will go to another loeation
before the advanced medical ,ereening is done. I
LT GOL GRAY (CA)

I have a qcpestion for Dr Hickman. The cardiovascular screening that you recommend is, as it should be, non-
invasive in nature but I wonder what you do with the candidate In whom you identify an abnormality. I"m
thinking for Instance of somer d•y with a WPW pattern, whom you reject and who decides on his own to go

r outside and have further invasive testing and electro-physiologic studies. If a candidate does that on his own
would you then be willing to look at him again?

AUTHOR'S REPLY (COL HICKMAN (US))

Yes, this is an area in which we have had to set policies. We believe that Invasive procedures should be
restricted to those who are already engaged in a dangerous occupation. We do not believe that procedures
with risk ought to be applied to those who only want the opportunity to learn a dangerous occupation. Since
at least 25% to 30% of airerew candidates will not make it for other reasons, there is no guarantee that the
individual on whom you perform a cardiac catheterisation in order to determine that he is fit to enter flyingtraining has the eight compositlve psychomotor skills to become a pilot. The overwhelming majority of aOfrew • '•

leave the Air Force after only 5 years. Thus only a very small number of those requiring investigation would
remain in the Air Force for a full career, And thus we believe that the risk associated with invasive
investigations in untrained aircrew is unaccepf:,-` Now I had a list of conditions such as Wolff-
Parkinson-White ECG finding, left bundle branch block, exercise Induced ventricular tachyeardia and a whole I
host of abnormalities in which we could, using invasive electro-physiologie studies, clear Individuals for flying
training. We recently had a ease of an Air Force Academy graduate with Wolff-ParkInson-White who wanted
to go to flying training. We turned him down. He finally found a university professor who was willing to
perform a 3 day electro-physiologic study. The study proved conclusively that the officer's by-pass tract would
not conduct anti grade faster than 120 beats per minute and that It would not conduct retrograde at all.
This meant that he did not have true ventricular pre exitation but only had a vestigial by-pass tract. For the
university professor this represents one Interesting case. For us, whether one person or 49 persons out of 50•
has It, we would still have to carry out the full Investigation. I think the university professors would grow
very weary if they became a centre for Invasive studies in those who had not yet even learnt to fly. We
entered this Air Force Academy graduate into flying training. It would have been unreasonable not to do so.
This case has, however, not changed our feeling about the reservation of dangerous procedures only for those
who are In dangerous occupations. We realise, however, that If we were prepared to carry out Invasive
procedures we would clear mar.y more people for pilot training.

MiD) G&N INSP COLIN (FR) ;5'A

fr Dider, you were kin,! ,rnough to present the paper (No 33) by Drs Seigneuric and Legusy repo.r'ing 24 '.
hour ECO recordings in pilots In flight and on the centrifuge. I would like to put a short question in
connection with the differences between the results ob, rined on the centrifuge and those which occrred In
flight. May they not have been due to the sensory illusions which accompany the deceleration of the
centrifuge?

AUTHOR'S REPLY (MED CLERE (FR)) 44. v
Yes, this Is one of the main problems that arose when we analysed our results. To my mind, very often we,: ' ,
tend to think that all these arrhythmlas are linked to the conditions of the trial (aeceleration stress). In

_,hi-
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particular, there is the problem of sensory stimulation. What I Would like to do is to try to simulate the
y senso-y stimulus. I would choose subjects with marked arrhythmias, put them in a centrifuge with a gondola

which is tilted gradually as the G Increases. Then, a few days later, I would test them again with pre-tilting
of the gondola in advance so that there is no sensary stimulation. Such a study should show the effect of
the senory stimulation. Another possible cause of the difference that occurs between a fighter aircraft and
the situation prevailing in a centrifuge is that as the centrifuge slows down the subject Is in a passive
recovery phase, he does not speak or move and so there is a sudden return of the blood to the atrium.
Whilst in the situation of the fighter pilot in the aircraft even when the 0. ceases the pilot is still exposed
to flight stress, and consequently the phenomenon will be less important in this situation. There may be other
combined reasonm, may be some members of the meeting here could help me find another explanation?

COL YAN DEN BIGCGELAAR (NL)

Our experience with centrifuge training is that the stress is very large so that you could postulate that the
high heart rates which occur mnder 0 on the centrifuge are due to the effect of adrenalln, and that this
effect is less in the aircraft. We have not, however, recorded the EcG in flight. Of course, as you stated,
another factor which is introduced by the centrifuge itself, is the high stimulation of the semicircular canals.
Eveo if the gonJola is pre positioned at a certain bank angle before the centrifuge starts rotating, there is
stimulation of the vertical canals whenever the G changes. This appears to the subject as A tilting of thý
"whole cabin. It is quite a stress factor which has to be taken into consideration. I am very surprised at the
low heart rates which you found under G in actual flight. They are much lower than those which we found

-•in the centrifuge.

AUTHOR'S REPLY (MIED CL.ERE (FR))

I agree with you that semicircular canal stimulation can occur even with a pre positioned tilt. May be,
however, J did not explain adequately that we recorded heart rates during the onset and during the plateau
acceleration phases which are quite similar to the results found In other centrifuge studies but that most of
-the arrhythmias occurred during the recovery pha3e. Thus during the 15 seconds after the cessation of G some

Ssubjects show a sudden slowing of the heart rate with the heart rate falling from 140 to 100 or even lower.
This is what was quite surprising to ius. I would like to explain also the object of our experimentc. In our
laboratory, for various reasons, we test pilots who have had a problem while flying, such as loss of
conseiourness or in whom an arrhythmia has been found. We run them on the centrifuge to determine how
they behave under well defined conditions. Originally we performed tests at tip to 5 03 but for the last 2 or.3 years we have conducted the tests in two stages. The first stage comprises a rapid onset rate going to 4,
5, 6, 7 (1 with 5 see plateau at each level. Thirty minutes later the subject Is exposed to sustained 7 G. We
have found that arrhythmias are more frequent in these tests than had occurred in the 5 (3 test. We ask
ourselves the question "What are we going to do with such people?". Are these people to be rejected or is it
really a minor sign which should be ýgnored? This is why we started the study. We concluded from it that
not all arrhythmias are necessarily pathological. I remember an experiment conducted 2 years ago with a test
pilot who was exposed to four different runs separated by 30 second intervals. Each run lasted 1 minute and-
the maximum acceleration was 9 CL. We observed arrhythmiss during this experiment but they were related to
the stress and it wasn't a sign of severe pathology.
COL VAN DEN HIGGELAAR (NL)

We have no sueh elaborate data from our centrifuge training. About 20% of the cases that we evaluated had
isol-ted PVCs. All the PVCs occurred at above 6 0 which corresponds with your findings. If the fl, is
increased in steps every so many seconds the procedure is extremely fatiguing for the subject. We use a
slightly different C, pattern as I'll explain In my paper.

COL HICKMAN (US)

I certainly admire the willingness of your French aviators to wear Holter monitors in flight and to be
experimental subjects. O(r aviators are very reluctant to be monitored. We cannot grant them a King's pardon

If they have a serious arrhythmia even though the exposure has been for experimental purposes. What was
"your aeromeoica disposition of the case with ventricular tachycearla? Was he an aviator? r4*d you waiver this
individual to cotntnue flying as a fighter pilot with ventricular tachyeardila?

AUTHOR'S, REPLY 0191) CLERE (171))

The subject was not a pilot so there was no waiver to be awarded. We are quite cautious and wary.

COL HICKMAN (US)

75' And if a Mirage pilot has a 4 or 5 beat rmn of ventricular tachyaerdia on the Holter monitor during fnighht

"what will you do?

AUTHOR'S REPLY (MED CLERE (FR))

This really Is a problem because the pilots who we use for our experiments know that doctors are testing
them so that they are always anxious with respect to their medical fitness to fly. I have to try to place
myself in the situation that I have when I am a consultant examining a patient referred by another physician,
when I would have to report any abnormality which I found. There is a problem here with respect to the t
mutual confidence between patient and doctor. It is a rather delicate situation. In this situation I would try:1 to persuade the pilot that It Is a significant finding and that he should make the decision to have It
investigated further. I am riot going to make the decision for him.

MiD EN C3EF lIFl, (FR)

"A similar problem did arise in connection with ventricular dilatation and tri cuspid Insufficiency which we A:-
a discovered just by chance. The case was a fully fledged, very able pilot who had started his training on " 1
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Mfirage 2000. We found the defect when we introduced echiocard~ograptvý on an experimental basis. The medical
decision that Ple was not fit to fly the Mirage 200P was nma well received either by the pilot Of Commanld.-
Eventually, the jwotlalem was solved as followsi the pilot was Interviewed and we explained to him the risks he a

wouild be taking in exposing himself to high accelerations with the proven tri cuspid insufficiency;, eventually
he cEcIded to abandon his 'ýrainfng on the Mirage 2000. Thifs was a very' specific and special case. It shoull
no! conceut trees' in the forest. Physicians will have problems ef ethica in such circuaastnnceg. When pilot~s act,
at experimental subjects for us t'ye must acLcept that we iaiay have to make a decision as a medical e~irt.

COL HICOKMAN4 (US)

The rc,,son 'hat I ipeciticfmly asked About ventricular tnechycardia Is that, in the US Air Force prior to 1980,
if an Reator had technical ventriculav tachyeardip, which is 3 heats In a row, on any kind of str.'ss test,
wheiher it wt~s treadmill or centrifuge or a bicycle muge, It was permaneotl'y' 1"squalifying fiomn flyini- stq'Us.
We fi~lowed up 45 tLvIators who had been groursded f or 3, 4 or 5 b~est runs of ventricular tachycairdia at
peak exercise rah- a mean period of 6 years; the mean age WýAS 4u, 20% of this group had an acute oAcdiale
event, either angirv' infract-on /i sudden death within 6 years. We could not accept an eveit rate of 10 % inl
6 years and yet nothing haapened to 4 out of every i of thorse avktors with ventricular tacloyeartla aIn
order to return ikn avfi~tr in the US Air Force who has had ventricular tack'.icardia book to flying stw~ us, he
mutst undergo a. thorough non invasive aid invasive evialuation becausqe the rnajol, underlying disease B cortioraiy
artery dist-ase. Of t~ia~as whto died suddenly the cause was either prolapsan or coronary artery disease. It tine
case it wit enrl~oid.. We cannot overlook an episode of ventricular tachycarlisa although we recogniso thet
most episodis of eo~rs'Lx ventriculat tirrhythiniusa oecur during peak autonomnic outflow. Its Interesting t'.i note
that your incidence of 0.5% of ventricoilar tach:vcardia ii exactly identical to as.-s, once In every 200 tlt'es. '.

MF0) EN CHEFr IaLLa (171)

I fully agree with D)r Hickman that ventricular tachycardla miust De trken seriously. 7tho action hote appears
to tz quite logiocl and obv~ous. It seems to me, haw-ýer, 4hat A probliwi does arise in relatlon to, All isolated
ventricular systok. !n P suhject of about 35 yeariR .:0 9ge. For ey-imple, a subject who smoke% who has a
cholesterol level of 2A.1 and who is not abiding by the hygiene ano dietary Instructions whl,ih, art given to
him. Should he br. .rohibiteAi from. flying or should we try to impose upon, him flirtber r.pr Invasive and
invasive ex~aminations. What L, the atitittde of the US Air Force in this matter?

AUTHOR'S REPLY (COL HICKMAN. (US)), '

This opens up n very Important, deeply ethical question. The qivestfon, as you pose It, ir. wbmt w.,old we. lo
with Individuals wh.) bave high cardiac rlski but continue 0, fly? We do not ground anyine fo., cardiovascular
risk but we have a series of thresholds hased uuon a regressk a equation. Based upor thesr thrqqholds they
may be required to have iw invasive studies at their own base or, if they go above a certain level, they
automatically have to come to USAF SAM for a cardiac evaluationi. We stage our evaluations accordingly to ' '
look for asymptorratieý disease. Unfortunately about 30% af coronary artery disesre oannot be explained onl thr -H,
basis of cardinal risk factors r), when we are presented with P, asre of v#entricular tachycAdia fin somepineV
with no apparent risk factors for ayiat'nn mcdical purposes the problem is still not simple. '

I would 11ike to makeante onetIfteei ,-Ireae.tanFe thtD Dde -9lesy
brought up iegslrdirg acflocardiographic changes ip pilotr. Wa' could disc~iin' fcr a lon$C tinia the different
mechaidians hot I just want to add ve.ay quickly a couple of thinog wýK.-,~ I think that the AGAIID
Aeromedlicbl Panel shoul he attentIve to. V~e tziie for a long time haeen retv-ning aviators In the U3 Aira
Force with left h' .ndie brancd'o'lock to lying strtut. I' they have a norn-e. tongiography and a normal bundle
of His. We have 3een eleve'e" left ventracular end diastolic pressurres, we vir' secaing abno:'mal thalliumn scans -

in the septuim of left bundle oranch block eases with no eoroimq.y disease. Wfe began tm gee these patients In
1969 and 15 to 20 years lnter a certain proportion that fit In excev; of 513 are stiart*ng to show clinf~ally-
significant cordforriyopathly. Simlorc: findiri.ga are occurring at thv V..yo cAlnic In Nor~h West Orient airline
pilots with left bundle branch block. In ori p-stlents, with ~hk~o- tramlsbta]uhv ons coronary
arterlograms, most of the ventricular prerrV.iure beets (luring exercise It #hey ,holve a normnl St segm'ent
response come from the left vent"Icle rather than the righ(ý ventricle. Dr Porlin. at USAF' SAM a )iurw'r of
years ago, saw pr.*risterit T1 vector (hanges In the vectorccvdlogram After hunian ce.ntrifugc studies Whp'. I It I--
getting to Is that we are placing p'opie bact, or. ft.,ng status who are perfectly heelthy, with, what ate
presume to be miror disorders, bilt we do not ha~ve n clear Idea as to whether or not long temr., ,epe'titive,
after load ircreases und perhaps even lsvh,,ernc !hrngvt are .,ccu~rl ig Ii' the myoceardium. We are nooe faced
with tie qUe.Sti6ti of whether this is. evalv. oouuchung 16 tho! fiara. -T VIa1;atalie, M." Kinoermme whol1,) 'inaa Ai ul
clinical problem. We have hod great difficulty '.n peraisding the operators o0 accept thet fact ni... repetitive,
high sustained G mray he a ve'y dangerous lorq term unquantitated onviror~mental haz~ard. We are noi hasidling . - '
It the way we handled radiation and other simillar haurirds1 where oye nAtroduced :loslmettry and appropriat.!
preventive measures. I really believe that the nirmbers of the A0ARII AMP need *o pool their data, th~ey
need to take a long, herd look At A plan to have pvralle, 'ago-matctyd, one for ,,inr studlebs w, tihet' his
question can be aunwered. Twenty 20 years from now wthen the first a'1iotor with a conge.3tive cardiony( -mithy a'a

that may be totally unrelated to flying turns up and says "Do I have ev~migestive ,ardlorryopetby because of
20 years In the FlI.?' What will we say? Given. the political elItmAtv I (;link that Use military will get the
blame whether t~.erea is any relationship or not. I bealevc that othlcp'ay s~e can't go much~ further witho :i
having a firm, strorig plen to find the anzwer-i to thes3e k:ndq of pr-ahkrsa. This is not a physical st~nda7',i > I a

problem because they pass a'l of the standards. If we do 4v~t '-on" up with a plan end sell It well among
ourselves we will, not have served ti~e aviatr~rs as well as we mlrht. aaa.a ~ ~ '

DR ALNAHS 'J40)

I had a question for lir line. Of course the two populatio%.s that were sliqgOtly Jifferent in some

echocardiographic peramctar, ventricular thickness aM4 right ventricle dilatation, were stntistiee'* sntched In Ký
such a way that all meýan value6 weýre virtuially Identical. Now I wondered wh.-ther they were al-, mitenexin In
other parameters RiUA, for ersample, physical fitness, aerobic capacity and Poo on? W~e al' knowt0i.at: t fiftnfer
p'lots and transpiwO pilots also Iced very diffient 1!veit outxld,- the cockpit. t)1~I you investigute '.ýicse atýai n
to see whether your fiidings were jiist a cast or athletic heart fox, ciample? .5



AIJ?3IP17-Vj ~REPLY7 (M EP Ur CHEF Ips.A (rV,'' -

- 'Both populations 'gqut~e I iqr'6. aoregards uic,'bropOmetrie orip 1-i9. Unfortunaitely it was impassible, Io -study
family history in ýdepth, Mwe adeluate pirotocolsa might hr'e Okne' e tiLt wP eldi~ed` chct we ,onald launch
this exercise , wher. we were req'.ieated to decide' whether thc- apitut_ or. papecity stnmiq~ds should tA changed
for. plots wic aer to operate the Mirage [.00 so At-- tried to hkn.- a good t'ssxis for Crrpflrisin. As you saw,
'rightlyi populatori, were j'lenti'tpl, the %4%. ago,, "-he same *,~xe, the , aq':', weight. But, as you .sAy qlu~te

rihlIIave no idea which prrpia',inoked or thi- extent iS~ tncl" physic&l aetiviir's. It is well known that
transport aircraft pilots do rý.,i pwcatice sport ar do "riter pulpt or Physleal exercOs-e as do ligrhter pilots
end also that '1rensport $pilois, 'u~eoauv of the long haulr thley haive 'to fly, will rn('inke more than fighWi
pilots.ý Ao sot!- Cements weie ioct exactý, similar, 'i .on't tkak that these deficle n-ýas were satfizoient to
explain the echeceirdicograviie jif~ere'res which ,wc were able tQ n~rar~wr. I murt 'sex, that initially tie
dlsorepacces tcere not striding prr-a:Ie the valurs were 'just at the upper limits of, t mality. Thtr.ift we had
rot Ween partlcularjs attentive !v' ,whcl data 1 )ke wo sight love missed It..' !t 'mac only on the basis 0e

.1'Statit'CAl. S.tudiepl - thux ,we wrrN l'6S to think z.int 'there we(1' signiflcant JI'feren'es bcfetweat the
ecfr !ardtngrajnhh finFlrfls olf, th~e tQ.Y groujps 'ct acrA.However in cxi,kyer to1 yo'ur cquestla , I musit any

QA,'twas difficult for 'Vi to ecl\'in(.tnmofrn <,n all, the facturs woiioh m&gSt explain the ot-serVcd
:'O".ferenes. I
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ENTRY VISUAL STAdNDARDS AND OCULAR EXAMINATION TECHNIQUES

FOR FUTURE FIGHTER AIRCREW

by

Dr D.H. Brennan 
4

Royal Air Foice institute of Aviation Medicine
Farnborough, Hampshire, United Kingdom

SUMMARY

The visuipl tasks of future fighter a)rcrew are likely to increase both in magnitude
and complexity. The increasing adoption of devices for visual enhancement and protection,
even now, poses problems of the integration with spectacles.

"The visual standards required for initial selection for training as a pilot or navi-
gator should, if numbers permit, be such that trained aircrew are unlikely to require a
visual aid until presbyopia physiologically d-mands correction in the latter half of the
fourth decade.

This paper w.ill discuss the visual standards considered apposite for futare fighter
aircrew and the related ocular examination techniques both conventional and those designed
to test such specialised o,'.-ular functions as stereopsis, glare resistance, dark adap-
tation, hue discrimination and modulation transfer function.

INTRODUCTION

Tae vis-u2i task of current fighter aircrew is already demanding and it is likely to
incre!ase in future generation aircraft fitted with new weapon systems. Although the
pilot's role is the most visually demanding, the navigator is also increasingly required
to operate complea; optical and electro-optical devices. When these are coupled iithi pro-
tective devi.es, whi.ch in turn may cause a reduction in the field of thew, diminish the
lumcieous transmittance, introduce optical errors, reflections and hazew, the visual load
is connounded. Any increase In that load resulting front a decrement in ocular function,
red.-iing the appreciation of one or more of the three visual senses of form, liglit and
colour may well he unacceptable in combat. The other dispdvantages assecLiated with
sp, tacles and contact le: ses and their integration may also be unacceptable in that
coil :xt

DISADVANTAGES OF SP9CTACLES AND CONTACT LENSES IN FLIGHT

Entry visual standards for iircruw vary widely between nations. The pragmatic
approach tf taio:inq visual standards to the availability of recruits is often the

determining factor. It is Lometimes assumod that because spectacles or other visual aids
w!ill restore vision to the level demanded by the task, the disadvantages Associated with

. their use are rolatitely unimportant, but this is not always true.

Veiling glare reduces contrast between target and background and causes cunsiderable
problenms, partic'larly, when the cockpit is in, sunlight and the aviator Js search.ing an
area in shadow. Under these conditions visual search and collision avoidarcn ir ifior
difficult, Clork (Ref 1). Veiling glare is largely produced by haze ir transparenciesScauecd by di'tt, mist, scratches or inherent material haze and is additive when lockitng
t.nr,,ugh a variety of transparencii-r. such as windscreen, deicing system, head up display

- co.mbineir, helmet 'visors and respirator. The addition of a further transparency e-ither in
sp'2ct scle or (,ontact lens form only compounds the problem. Refloctions from and between
transparen-ies may also prove troublesome, but these can be minimised by anti reflection
coattnq,;. These coatings, however, cannot be atiplied to r)an; transparencies aad are both
expeisive and fragile.

Aircrew using ni.ght vision goggles INVGs) , ox other optical equipment, may b- pro.-
Vi•: vided with devices incorporating a dioptre adjustment typically in the range -3.00 to

+2.00.1). This will provide a correction for spherical err,-rs but will not correct astig-
matism. The optical design of some equipment does not provide the facility of a simple
dioptrt: adjustment or even permit it3 incorporation. It is also very uncommon to find
designs which permit cylindrical lenses to be held at the angles peculiar to ani astig-

rmat'lc aviator. It can, also, be dtfficult to integrate spectacles with opt-'cal equip-
ment by virtue of limited eye l.elief, in.on.patability with eye tiece shr' because
of oscillatio'n of specta•cles on the. face during vibration In high speed *ýel flight.

FIghqter airerew usiing NYIra requairt; a ý.rotec. Live- sield-1 -netr'e til eeS-i i

The limiter' eye relief of some NV'ls will. not permit both spectacl. s and protect.ive shiolds
tc he worn. This problem als occurs wli-h res:irators when the design of the vi ual area
demands a d1!dicdted spectacla dfas:tn, .•,uses may have to b,) positioned close to the eyes

with the attendant problem,%s of contaminatkon by tue ,reaee on 3.ushes. Some respirators
and protective shields also Leqaire lenses to 1e set at ;.,gleta to the visual axes in
order to fit- witlhn the l.imlted spatial envelope. This .s unh-sirbie and in higher
powers of lenses may require a modificaticn of prescriptions.

1uture protective and enhancement devices are incareasing in their complexity and
their integration with spectacles is likely to ae even more diffLcult and expensive.

U-"j '|"
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Trials have proved the acceptability of contact lenses in the aviation environment,
Brennan (Ref 2) and the problems involved with integrating spectacles with optical
devices are largely overcome by their use. Contact lenses do, however, present problems
of their own. Where aircrew may be compelled to fly intensive operations it would be
necessary to use high water confent lenses that could be worn constantly, for periods in
excess of 48 hours. Such lenses can be difficult to maintain in a military environment
and, exceptionally, may result in ocular pathology. Contact lenses are not tolerated by
all and some medical cc, Ltions may temporarily or permanently preclude their use. The
visual acuity achieved can vary and may not match that obtained with spectacles. Foreign
bodies behind the lens could be a fliqht safety hazard. New lens materials may resolve
many of these problems peculiar to military aviation and result in contact lenses being¶ the corrective appliance of choice in the future.

* VISION STANDARDS FOR PILOTS AND NAVIGATORS ON INITIAL ENTRY AND EXAMINATION TECHNIQUES

* , FForm Vision

The appreciation of shape and detail is largely dependent upon the dioptric mecha-
nism producing a sharply focussed image on the retina, particularly at the fovea, of an
object, at any required distance from nsar to infinity. This ability to project a sharp
image is dependent not only on the eye being emmetropic but Also on its accommodative
ability. Ametropes may either consciously or sub-consciously develop techniques to mini-

A mise their disability. Myopes %hose far point is nearer than infinity (> 6 metres) may,
briefly, improve distance vision by 'screwing' their eyelids or by rapidly blinking,
thereby decreasing their effective pupillary aperture and thus increasing their depth of
field. These tricks are only partially effective, particularly under low light condl-
tions, and are fatiguing to maintain. Conversely hypormetropes, whose far point is
beyond infinity, require to accommodate to see clearly at distances of 6 metres or
greater. This reduces the availability of accommodative power to see near objects, parti-
cularly under red lighting. Maintaining constant accommodation is also -fatiguing
especially when stressed and the amplitude available decreases with age. Compensation
for astigmatism dependent on type and extent is more difficult.

The Snellen test type is the standard test of vision, in which letters of diminish-
Sing size ate presented on a chart illuminated by 500-1000 lux. The letters are black on -S~a white background and are thus of high contrast. At the normal test distance of 6 metres

the 6/6 (20/20) letter subtends 5 minutes of arc and the detail within the letter, such t
a• the gyap in a C, subtends one minute o0 arc. This visual arngle produces an image size

r on the retina of 2-3Lm, wh)ch is approximately the diameter of a macular cone.

The t'sting of distance and visual acuity is important and should not be delegated
L to untrained personnel. The candidate should be seated 6 metres from the chart in a room,

which i. also illaminated to similar level as the Snellen chart, with all glare sources
shrouded. 'i-he eye not being tested should be covered and the tested eye observed to
ensurc that the candidate does not 'screw' or rapidly blink. Should he do so, it can be

% , •pz-rvented by applying upward pressure ýn the eyebrow, ever the supr-a-orbital ridge,

ensuring that pressure is not applied to the globe. The smallest line at which no errors
are made vi recorded and that eye is then covered by the examiner, before a new chart is
presented to the other eye, to preclude learning.

SThe testing of the amplitude of accommodation or ntar vision should be carried out
in each eye separately, with and without the normal distance correction, if recessary, and
then binocularly. Useful instruments are the RAF or equivalent Near-Point Rules; these
rest against the patient's face below the infra orbital margins anid permit a rotating
carrier of reduced Snellen types to be brought towards tie eyes. Having determined the
nearart distance at which the appropriate type j.i corr:ectly read it is possible to read
the accomcdative ability in dioptres and to compare this with the age related mean Duane
limita. The visual acuity standards required for initial selection for training as a
pilot or navi.sator should be such that tralned aircrew do not require to wear corrective
lniacs in e:r'deC! to achieve normal vision until the normal reduction of the amplitude of #
acceormnndation, which usually b,,eorneg evident in the fourth dccadc-, ne:cessitates the use
of corrective lenses for reading. Thiv situation can be achieved by raising the visual
standards reqo.ired for entry into pilot/navigator training.¾- Vjsual Acuity StandlardsI

The unaided visual ac-hity at 6 metres should not b, less than 6/6 (20/20) in each eye

The accoaso,'at in cach eyo sn'(uild be at least the mean for age, as defined by
Duane 'Thi3, in conjunct-on with limits 'in nypermetropia, w]il An-lire that aircrew arc.

unlikely to reqau ire -P r-sIynpin correctjin prior to 45 "yearc nI a-je.

,leriidsible keftract ttrrs-

.,.:Thi; ce f~aviv. c range for each eye ohould be with*in the lmits 0 to +1.75ms1 in any
meridian, T'o uc-tI-xslatic clement riot exceeding 0.5m-l, A ai1gtjiiicant fiamily hii C,,ry cf
sypia war itae auc-cial attention. A refraction under cylopligJa is at: the discretior

):6 ' !(:i"" of the excaminr.ir " ut if performed ahoeld be followed by a pOSL mydriatirC teat (f v.i[-ual
-- i," . •" acuity. .•

k,,
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Ocular Muscle Balance

The presence of a manifest strabismus or heterotropla normally precludes aircrew
training. Orthophorin is, however, rare and minor degrees of latent strabismus or
heterophorias are acceptable in flight provided that the fusional ability of the eyes and
the primary distance cue of stereopsis are not impaired. Heterophorias of large extent

* may be well controlled at rest, under stress or fatigue control may be lost resulting in
symptoms that may include diplopia.

The presence of heterotropias or heterophorias is best detected by means of the
simple cover test. This test should be applied at both 0.6m and infinity by requiring
the candidate to fixate, sequentially both near and far lights. Each eye is then covered
in turn. Should the uncovered eye move to take up fixation it denotee a manifest stra-
bismus and the degree and direction of movement denotes its magnitude and type. This can
also be detected by observing the position of the reflections of the fixation light on the
corneae, normally these are central. Should a manifeet strabismtus not be present, the
movement of the covered eye should be observed both when first covered and then when thi

* cover is removed. If the eye moves in one direction when covered and in the opposite
direction when removing the cover it denotes the presence of a latent strabismus or hate-
rophoria, the type and magnitude again being dependent on the direction, excursion and
speed of movement.

Heterophorias can be measured ising the standard Maddox Wing or Rod Tests for near
and the Maddox Rod for far. The convergence ability of the eye is best determined using
one of the near point rules. Should a candidate be outside the limits for acceptance he
should, at the discretion of the examiner, be subject to an orthoptic review.

The ocular musc;a balance should be within the following limits; I
Distance; Eso 6cm/m to Exo 6cm/m; hyperphoria not to exceed 1 .0cm!m.

Near. Eso 8cm/m to Exo 8cm/rm; hyperphoria not to exceed 1.0cm/m.

Convergence: To be 10 cm or less.

Media and Fundi
There should be no eidence ot pathology which could impair visual performance either

at the time of the examination or in the near future. Any abnormal finding must be
assessed by an ophthalmo.ogist experienced in the visual requirements of military1 ~aviation.

Visual Fields
4 |The field of each eye snould be full. The fields to be measured preferentially on a
& perimeter or by confrontation.

SPECIALISED EXAMINATION TECHUIOUES

Contrast Sensitivity with Gratings

The standard Snellen Test type presents a high contrast target of black letters on o
white background and is a measure of the resolving ability of the aye. Vision in flight ¶
involves more than the detection of high contrast detail, it Is heCe•ssary to distinguish
low contrast objects with Indefinite outlines against mixed backgrounds. Military air
operations are not confined to brioht high contrast sunny days, but frequently take place
under dull misty eoriditions and involve close air support of ground operations. In such
operations there is often a requirement to detect targets in which camouflage has been
used to conceal sharp contours. An aviator who is able to perform well under such con-Iditions is at a definite advantage, Ginsburg (Ref 3).

The technique of measuring contrast sensitivity using sine wave gratings has steadily
gsineul favour and is ,ow in clinical use to detect perlpheral retinal disease, Arden (Ref
4). It is a measure of the modulation transfer function of the eye, that -is the abflityof the eye to perceive contrast at different spati.-I frequencies - usually in the range

i Z 0.2 to 25.0 cycles per degree, the higher spatial frequencies beJng simiJr to the range
investigated by the Sneilen chart. In applying the test the sine wave gratings are pro-
duced on a televlsion monitor screen by a orating generator (Fig 1). In short, each
spatial frequency to be sunitored is presented at zero contrast and the contrast in
gradually increased until the candidate is just able to detect the grating pattern which
he has previously been shown at high contrast, The test is repeated at different spatial[

i-l ' frequencies and a graph piotted of spatial frj"-ency against required contrast for detec-
tIon. A normal plot of spatial frequency agslnst required contrast is shown in (Fig 2).
A simpler form of the test is to use the Arden plates in which the gratings are printed
in book form and vary in contrast from the top tc the bottom of each page.

V.- "-.
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Figure 1. Sine wave grating display with I
frequencies and contrast swept. u

Figare 2. A normal plot of ocular
modulation transfer function.

- 0-5 91 2 11 I
Cycles par, Id r

! ~Storeopsis

Depth perception is judged by both monocular and binocular cues. The binocular cue
of convergence is of little value by virtue of the short base of the ocular rangefinder U •
but th,± binocular cue of stereopsis is considered to be the single most valuable depth cue
availohJe to aviators. It is the third stage of binocular visual perception, the two
previous stages being simultaneous perception and fusion. The essonce of stereopsis is
that by virtue of the separation of the two eyes dissimilar images, at points which are
non correspondirg on the horopter, are present at the two fovreae and these Images can be
fused to produce a three dimensional effect. The different appearance of the target as
perceived by the right and left eyes is a measure of the instantaneous parallax. The
critical values for parallax detection have been variously estimated at between 2 to 24
seconds of arcwhich is very accurate o 9rrespoarding to a difference of less than the dia-
meter of a single retinal foveal cone (1.5-2umm). This allows for depth perception out to
distances of about 5du metres. The limiting factor is, again, the small inter ocular
separation. I

it is, therefore, of great value to assess the stereoscopic ability of aviators. I..... -

'This is routinely evaluated in many, but not all, countries. There are a variety of
suitable tests available such as the Verhoeff or Howard Dolman. Stereopsis is not
currently, reasured in the RAF, but if adopted, scores of 8 out of 8 or 30 smn or better
respectively, woutld probably be acceptable.

Glare Resistance and Dark Adaptation

Fighter pilots are confronted by a variety of glare sources, the commonest being the
sun. It has always been standard practice in aerial cumbat, to position your aircraft
relative to your enemy so that he is compelled to look close to tIhe sun and thus suffer a
loss of visual acuJty, Other glare sources include electrical storms, explosions, strobe
lights, ground lights, searcn lights and thot most potent glare source - a nuclear fire-
ball. All these glare sources can profoundly reduce visual acuity, contrast recognition
and hue discrimination, the decrement varying between Individuals, in part, being related
to minor ocularc pathology or ametrunlir:. As the- Pyo ages, scatter sgources in the mcdfl-,
particularly the lenu, multply, increasing the degradation of the retinal, image from
Intra-ocular glare,

It t.s desirable to prot'rct aviators from solar glare by tinted visors and by dynamic
therujal flash protective devices, such as lead lanthanum zirconate titanate (l'L7,TJ , when a.,iy:rA
exposed to nuclear fireballs. Tests for monitoring aviators glare resistance are not yet,
standardised but, if used, would involve the reading of a test target with an overlying ,
glare source of variable intensity, Wolbarsht (Ref 5). r. I'

It L am-==0 . ...
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In modern fighter aircraft where instrument and CRT displays both white and multi-
coloured must be interpreted correctly, the panel luminance must be sufficiently bright
for cones to function accurately (0.3-3.0 cd/mr). At this level external vision should
not be degraded to an extent incompatible with recognising terrain features or other air-
icraft. It seems unecessary, therefore, to monitor absolute rod thresholds, using adapto-
meters such as the Goldmann Weekers or Friedmann. Under some circumstances it may be of

* value tu determine the recovery time from being flash blinded to upper photopic levels,
* to recovery to the cone/rod step junction of the dark adaptation curve.

Hue Discrimination

It is common practice in many services to monitor colour vision by means of pseudo-
isochromatic plates such as the Ishihara, lit with the correct illuminant. Should the
candidate fail to correctly interpret the plates he is given a 'trade test' which requires
that he correctly name the signal colours of red and green and is also able to correctly
name white after having been shown 'white'. The test is performed using one of many lan-
terns such as the Farnsworth, Holmes-Wright, Martin or Giles-Archer. The colours are
presented, in a darkened zoom, at different visual subtenses from a point source upwards.
Although the colours are presented randomly and confusional colours are sometimes added,
errors occur. There have been occasions when, perhaps by incorrect or hurried application
of the tests, personnel have been admitted to flying training who later prove to have an
unsafe colour defect. The tests in general usage only monitor red and green defects, they
do not monitor blue defects, although it must be stated that tritanomalous individuals
are uncommon, being only about 1% of colour defectives.

Fighter aircrew must not only be able to distinguish red and green colours, cockpit
arrays, terrain features and ground lights, they must also be able to interpret future
generation cathode ray tube (CRT) displays, These displays use both unsaturated hues and
blue phosphors. Fig (3) shows the position on the C.I.E. Chromaticity chart of some of
the colours which may be used. The co-ordinates of these colours clearly demonstrate the
necessity of monitoring blue discrimination when cyan, lilac, blue and magenta hues must
be correctly differentiated. Although yellow, amber and brown colours are not monitored
by current colour vision tests, these colours are derived, on a CRT, from a combination
of the red and green phosphors. They should therefore be accurately interpreted by indi-viduala with normal red/green discrimination. 3
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Figure 3. Chromaticity chart illustrating co-ordinates of some hues used in 'J
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A test which serves to segregate personnel into high and low categories of hue dis-

crimination is the 'Farnsworth-Munsel3 100 Hue Test'. This test requires candidates to
sort coloured caps into their natural sequence to form a colour circle and enables the
candidates to be scored by monitoring the number and magnitude of their etrrors. The test
was not designed to separate personnel into those who can interpret CRT displays correctlyand those who cannot. It may, however, serve that purpose but trials would be necessary.

S~it may be more profitable to design a CRT derived colour vision test specifically to ,
: monitor the hues in aviation usage.
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RESUME

Par une mdthode psychophysique particuilidre (fiable, rap-ide), la function de sensibilit6 au contraste
(FSC) en couleurs est testie systhmatlquenwnt chez des sujets venant do consultation ophtalmologique. Apris
une 6valuation de cette FSC chez tine population erni~trope. dive-ses amitroples soot itudihes. La
constitution du visuogrammo quaritifie pour chavose dificit ',es modifications do L6. PSC. 11 existe une
altiration pour les friquerices spatlales dlovies (ditalls fins) dons Ia couleur bivoj cue~z lIes myopes et
dons la couleur rouge ches les hypermit ropes. Cette alteration est pr500rtionnellr. au degrO rIamttropie. A
l'avenir. la inesuro d-e ]a FSC. et la quantification prvisuograriew petit atre ]a base d~un test de silection
du personnel navigant (test global de ]a fonction vlisteiie).

1. WNRODUCTION - POSITION DIU PROBLENE

En aironautique. tla dOtection de cities met en jeu dos contrastos trits variables et foibles. entre lesI
diffirantes parties d'unr, scbre visuelle. Peu da tests de stlection ophtalmologique interrogent cas
contrastes foibles. Quond en mesure l'acuit6 visiialla (lettre noire sur fond blanc), le contraste est

mximum at non teriable. Seule la, fonction de sen-sibilit4 aui contraste permet facilarrnt cette maitre.
Llnterft essential de 'a fonction do sensibilit4 au contraste (P5( do luminance est 1 exploration de

dnails visuels dont los contrastes soot tr~y foibles. La P5G. est un exomen cnurormwnt pratiquO dens lax

laboratoires do recherche stir la vision. Elle utilise le principe quo toute sc~ne visuelle peut itre

luminance eat sinusoidal, on peut chez i'hoewe par des ri~thodes psychophysiques ciractirise~r la FSC en

monochrome, GINSBURG (5)o atW uns des plonniers de l'utilisatlon de la FSC en a~ronoutique.Doeplus, salon

En 1982, SEKULEP. at Coil,. (12) montrent l'interit d'une telle mithode dens las tests a~ronautiques, et
ils notent '.e% diffirentes voles de rachercýhes. 14 nroposent cot. examen dons la batterie do tests
opntalmotogiques. Parallilement, des outeurs canine HY0ARTNIN (7), COM4ERFCRD (3), ARDEN (1), FIORENTINI at

MAFFLI %4) ont utilisd la mesure de lo P5G. dons le 16i~pstage do pathologies de la vole vlsuelle. COMERFORD

pout ainsi conclure stir le type do deficit viiuel en fonction de l'attainte dons les frtquences spatiales
(aoaisdo rifraztlon, ntvrite ritrobulbaire... ). Cependant, axcepti tin petit nombra d'itudes dont

cell7% de KELLY (B), L'OURDY et Coll (2), MENU et SANTUCCI (10), )a couleur nest pas un paramitre

Or, l'utllisotion de 10 co)ulaur en aironautique est tin fait inconte:,table connie en timoignent los
cockpits des aironefs lea plus modarnes tent civils qua de combat. Lei coricepteurs de ces systimes
difinissent los couleurs en assumant qua le phloto presenta une vision des couleurs normales. Or,
i ndipendoiroint des dyschroniatopsles, do nomibreusas anomalies visuelies peuvent avoir to retercissement sur

j la vision dE syotoles. colon~s.

11 faut noter qua tous los examens de dipistaga d'onomralies do ]a vision des couleurs mottent an oeuvre
aes tests 00 la coulour nest pex aupportie par tine forma rEprisentative de cellos qul peuvent Wetrf encontrias en aironautique. Do plus, les stimulation., coleries suir da tels systemes sont des sources
primaires 6io~sjives. La plupart des tests de dkp'istae des anomalies de la vision des cou'leurs sont la
plupart basis stir des sources secondaires pigmentolres. Des tests dont le support est un tube cochodique
coulaurs, sont niors des moyens plus proches des situations couratmwent rencontries sur las tableaux de bord

6lectrniq-es
Tous cot faits ont motivd des trovaux concernent la P5G. en c'juleurs. Li6tape ropportte idi concerne

litoblissoent de courbes de P5G. chez les sujets normouz ot l'effet des petites amfitropies sun cclles-ci.

Cependant avant d'exposer cas principeux risultats, 'I rots fout avant tout prisenter les
caract~irifques ossentlellas d'un test de selection visuel et lo niethodolIoglo utiliste pour obtenir le FSC
couleurs ulex diffirants pationts.

2. CARACTLRISIIJUES D'UN TEST DE SELECTION VISUEL

Urn tost de selection a cowine finaliti premhira de vfrrfier si le candidat A un travail particuuler a
bien ,Ies aptitudes pour effoutuer la tiche. A kin deurh~ne dogri, si las candidats sont trop nombreux, ii
dolt outorisor- le :hoh. de cots possfdant lea mohlle-arcs caract~ristl~ques. Le test de silection dolt dnjnc
ripoidre A un- certain nombre de critires7ii Tester una foniction pert-inente pour li t~che considirie. to function oe setslbilliti at contraste

permet d' ivoluer lea performances du sujet. en mature de &itection do controstes de vaelurs

diffirentes. Cr. des paromiftres d& ditactiun d'un ovion dens ie cdel est fondamaentalemient le '4
contra~te de cette cible stir le clofi. Co~st une thrhe de type classe 2 dons la classification
itoblie par SEKULER (12),



- Lo test de s~loction dolt Wte fld~le, coest-A-dire donner let m*mes r~sultats pour des sujets
syant let o~mes caratrsiuspsioiue onoro mwe tuJet. La corrilation est alors
A faire avec des batteries d'autros oxanens caractisrisant la fonction visuelle,

F - 11 dolt Wte sensible et autoriser des discriminations tr~s fines,

11I no dolt pas prendro trap do temps,

- Par ailleurs, en debars do con caroct4ristiques essentiollos, propros A un test quolconque de
d~pistage, on test de s~loction visuol pour pouvoir atteinare one certaine diffusion ot par IA -

m~rme une utilisation courante, dolt Wte de manipulation aiske par l'exp~rimnentatour et c'onnor
des r~sultats facilonint utilisables et exploitables pour le m~decin.

3. METHODOtOGIE

3.1. PRINCIPE GENERAL

ithds La mesure do la FSC rapportee dans ce travail met en jeu des mafthodes psychophysiquos. Con
m~hdssoot 1e moyer le plus rapide do mosure do la FSC. Les aiosures objectives saint en offet di~ffflciles

A manipuler, utilisant 1'elgctraphysioloqio, et outro le temypt d'examien, leur reprodnctlblllt6 nest pas
* assur6e.

Quaiqn'il en salt, quelle quo solt la m4thodo utilis~o, le tormo fonctian do sens-ibilitA! au
contrasto dolt Mtre expiicit4. En effet, sous le ni~me terme, solon los autours et let laboratoiros, des
Al6rm ,ts vari~s do la stimulation visuelle soot Atudit~s. Los fonctians, do sensibilitO an contraste sont
mujlt.ples, scion los 6lements do la stimulation que Von fait varier (caulour, frflquence spatiale,
fr~quence temparelle, excentricit6 darn le champ visuel, stimulatIon stable ou on mauvement). Airsi bier
que sauvent 1a stimulation 6lleentaire suit une altornancode bandes clairos et sombros (let r~seaux), cot
r~seaux peuvent Atre pr~sont~s do mani~ro stable on en mouvemert. en couleur ou en nionuchrome, en visicn
contrale Cu en vision p~riph~rique. Ici sera seule Atudlke la function do sensibilitA au contrasto, en

* eltson centrale, pour des rdseaux color~s stables.

& 3.2. I.A STIMUJLATION

Des r~seaux sirusoidaux statieninaires rougosix = 0.674, y = 0,296), verts(x =0.375, y =0.544),
bl ent (x = 0.144, y =0.069) soot pr~sartes, vorticaloetnt ou horizontalonent sur des tubes. cathodiques

* ~cauleurs haute r~solution donE ]a fr~quonce do rafraichissement ett do 50 H7z. Douze frEquences spatialos, 6
verticales at 6 harizontalos do 0.01 cycle/dogrA a 13,5 cycles/degr6,ont AtA testds.

La luminance mayenno osi. de 40 cd/m2. La valour do contraite ott obtonue A partir do la formule
do MICHELSOJNI i Loin - Linax

[mi n + ira-x7
En effe t, pour obter ir ce cor traste, an modulo 18 luminance do la stimulation entre one

luminance maximum et one luminanco minimum do part et d'autre do ]a luminance mayenne.

3.3. MEr'HODES PSYCHOPHYSIQUES

Dens m~thodos psychaphysiquos ant Wt 6valutes successivomont afin d'Atabllr uin chats riepondant
au miens ens critires des tests d~firis or&A~deiinent.

3.3.1. Mlhodo dlajustemant autowatlque

TI~Wi~ holotl~r~:do la m~tho)oed'aJustor;.nt montant classiqne dtcriko, all; avait 6t6 mite an point pour

uno Ablide fandarrentale do 1a FSC (MENU at SANTUCCI (00)). Laccroissement du contraste a partir do la

des ichtr~ otdavecqun eirdsq'lpr_" ersa..dne lorlontation, verticaleoua

t'est une yr-thodo A choix fordO. Ello ost d~rlv4e dvs mAthodes do double escalier
psychophysique. Parfaitorment adapt~e A on examen pilott par ardinateur, ello pormnot en 10 pr~sentations d_ £

cantrasto diff~rent (figure 1) de d~finir 1e scull pour one frtquance spatlale. A l'origine, elle fti
retonne pour pouvoir con~tr6ler le temps do pr~sentation do test. Par aillours, ol le permet un examen plus
rapido quo la m~thode d'ajustemont. a

3.4. ANALYSE DES DONNEES

: 1 3.4.1. Courbes de senslblllt6

A partir des valonrs soul de contrasto obtennes pour charquo frlquence spatlalo, la
ropr~senta!Pn des donnies la plus conrante ott 1' courbe do sonslbilitk an contraste esprim~e en9

9coordonn~es log-log en fanction des fr~quonces spatlales. Cola consisro A positionnor let valeurs brutes do
souils.

Ž2 ~3.4.2. Les Visuogree@sJK
Uno douxikne analyse apporto des risuitets exploitablos plus facllonont pour l'ophtalmologis e.

~ i~fY7 Illo pormet do plus en plus nine quantification des dannios par rapport a one r~f~rence. La diff~rence enres
los soolls des divorses friquences spetlales. Llatt~nuation on lo gain par rapport A cetto population '

I-..narmalo ost calcnl~o poufschaque fr~quonco ýpatialo solon ]a formulo
G = 10 log C, contrasto d& sujot

Cr contraste do ]a populatioin do r~ffrence
En accord avec LUNDI ot AR). HOER (9), c'est le *Isuograpme (figuies 4 et 5).
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Cetto pratique offre lavantage d'une quantification immusdiete du deficit exprimi soit en
* dicibels, tsoiL on pourcentage deatt~nuation par rapport b 18 normalite Coest actuellement cette analyse

qul nous semble la plus int~ressante dens le cas d~un test do si~lection dipistago.

3.4.3. Expressioun des rftsaltats

Dens '[expression des resultats, nous mentionnorons rospoctivoment les deux techniques. La
preml~re donne des valeurs absolues do seull ;]a seconde des valeurs relatives.

3.5. LA POPULATION ErUOTEE

Thus los sujets examnings ont subi un examen ophtaimalogique clinique et los 6prouvos
fonctlorinelles pour ]a vision des couleurs. vision binoculeiro, vision nocturne, etc ...on siscpe ou

Enoffot, co soot dsplt ou des cniaspilotes. hqefiu siscp os
cyclol~giqe Ia 4 pretiqu~o pour dulterminer la rifraction des sujets. Ainsi, en fonction do ces donnOes.

tospopulations sont distinguees

- Les sujets dont la foniction visuelle est noruileo dens tous sos elemoents. Ils sont omn~tropes,

- Los sujets dont ]a fonction visuollo est nonnele except6 uno am~trople banale,

- Les sujets prdsentant des pathologies di verses.

4. RESULTATS

4.1. COMPARAISON DES DEUX I*THODES D'EXAMEN

Cotta 4tude a donnul lieu A una pubiication soumise 8 approbation dens Investigative Ophtelmology
and Visual Science. Ella a montr4 quo la m~thodo pas A pas Oteit perfaitement adaptee A la finaliit4 exposde
ici A sevoir la selection. Eile est fidile choz un isume sujot, des examnens ripftls donnent les mmeas
oeulls. Ella ast plus vreie qua la niethode dlajujstenent car los sensibilitis au contraste observies sootI

U p~lus dievies qu'avoc ]a mithodo dlajustemont.
Elie est plus rapido cer los sensibilitis au contraste pour un oeil et pour trols couleurs soot

4 4.2. COUJRSES DE SENSIBILITE Au CONTRASTE

4.2.1. Courbe de rifirence -:Lpulation inlftrope 1
jIA pertir des donn~es recuelilios sur 16 sujets emmirttopes, on pout tracer une courbe do

a sew~ibiliti dite "tinnin". Elke est indiquje sur les figur-es 2 et 3. Sur r~es figures, Ia vaeour moyenne du
contresto pour cheque F'S est mnatAsrialisie a~nsi quo la dispersion do 1 4cart-tjoe autour do cette vaelur
moyconne.

- D'emblte, 11 est intulressent do rcmrarqver quo 1'optimum do sansibilitA ost situ6 pour las 3
coul ours A 2 cycles/degire pour tes r~sea'ix verticoux.

- La couleur verte est globaloment mioux vue quo le rouge et le bleu qul sont truls proches lune
do lautre.1

- La dispersion des donnOos est voisine poujr cheque fr~quenco spatlale d'une couleur A l'autro.

Les ~sutat dechaqe sjet adess§parl'ohtamolglst, puvet 6re psitonns sr lJore Las raspr ultt do equrde sapou latio adres i npe Clphalmlg e permtdaoruven p iAtro positionndes su ai

function visuol le et do deficits particullers s'ils existent.

Ij nets;:2: £uurbes de sensibilitehdes sujetsm"tropespordslu

Apr- De 'east aimes d prusenten un0 a symritr iavertiesl-horizontatsle baucoup pluas maqete q luosl
neopulation snormale'.

- l A xssoi A ete alt1iration den los 'Sautoeudas frtquenc es, lo qeneptiumd snibltAest po baids suot

d~cel6 dens les frtquences spatiales plus basses (passage do 2 A 1 cycle/degrel. En some.,
Il'a]t~ration no touche pas uniquement les haulos fr~quences eel s aussi les fr~quoncos mayennes
dont 11 discrimination du contreste ast dinilnoue.

4.3. C:OURBES D'ATTENUMTION -VISUOGRAI4MES

4.3,1. Vlsuo jrus desfbmtrrps .

A partir des r~sultats brus~t sur les differents sujets omm~tropes, ii a At6 possible d'Otablir
des limites d'attlnuation en foniction de3 fr~quencos spatiales pour cheque orientation et cheque couleur.
Ce sont ces limsitos qul soot indiqueos Sur los c'w)rbes d'att~nuetion des figures, 4 et 5,

T.3
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L.a ligno la plus proche de I 'axe (-os friquences spatiales, en trait plein, indique la limito des
valour-s d'att~nuation pour 1 i~cart-typE et 2 bcarts-cypes. On pourra donc considirer que toute valour
inf~srioure a caste 2Gm zone est hors do ]a zone do normaliti. Plus la valour d'attfnuatlon sera Aloignise
de cotta zone, plus le deficit sera important. Une quantification est possible A partir do lic valour Mwn
de cette att~nuot ion oxprimde en d~cibels.

4.3.2. Visuogrums des mtropes

los figures 4 at 5 indiquent pour les myopes forts (plus de 4 dioptriesl at '.os hypermltropes,
cos visuogrammeos pour lea couleurs bleu et rouge.

-Pour los etyoples faibles (infisrioures A 2 dloptriosl, le deficit int~resse pour la coulour4
blou oxciusiverrent les friquoncos spatiales Glevios. Los fyriquancos moyannes et basses (inf~rioures £1 1-
cyclo/dogrA) no sint pas modlfl~es. Pour los couleurs vert et rouge, cetto att~nuation des frdquencesf
Olev~es no d~passo pas ]a limito do 2 icarts-types.

-Pour lies myopies fortes (sup~rioeures A 2 dioptrles) ot )a couleur blaue, soule la plus basse
frequonco spatiale W'est pas altirie. L'attlnuation ost ensuite d'autant plus forte quo lVon augonante los
fr~quences spatlales. Une att~nuation do plus do 10 db oxiste m~emo pour los fr~quoncos los plus Olev~os.
Los visuogramnes des couleurs vert at bleu sont beaucoup mains porturb6s.

-Le visuogreamie pour 1a coulour rouge des sujets hyporm~tropes ost reprisentA sur la figure 5.
Pour cette couleur rouge exclusivenmnt, on trouve une attkniation des fr~quences spatialos 6lev~es. En-
dossous do 1 cycle/degr6, ii nexiste pas do modification do la FSC. Pour ]os coulours bleu et vert, los
hyperm~tropos no pr~sentant pas cotta altdration. Cette alt~ration globale woins nette quo pour los myopes
peut s'expliquer en partie par 1e felt quo cos hypermistropes testis prisentalent des d~ficits moinsj jirportants (inf~rieurs a 2 dioptries).

4.4. RESULTATS SUR DES PATHOLOGIES OPHTALHOLOGIQUESr

Bien quo prhsent~s en darnior ici, ces risultats ont 6tE% obtonus en premier. Cent pathologies
ophtalnvlogiques diverses ant eu uno mosuro do la PSC couleurs par la mfthode d'ajustoment iwntantf

£ automatisde. Co par 1'existonco de pathologies, los d~ficits do la ESC sont beaucoup momns systdmatis~ks sur

concornalent les am~tropies associ~es A une pathologie. Les myopes pr~sentaient on d~ficit pour le blou
cette los lrautos friquences spatiales alors quo c'Etait pour le rouge chcz los hypermi~tropes. Cost pour

cteraison qelors dela deuxiime Etude, los am~tropies ant EftA systimatiquoment Otudides sur uno
population globalo la plus homogtne possible.j 5. DISCUSSION

Coon niveaux doivont Etre distinguis la mnithodologie ella-mtew ot los principaux rdsultats.

5.1..SUR LA METHODOLOGIE

JAu sours des enrogistremonts successifs do la FSC coulours avec los diffirentos m~thodos7V
psychophysiquos, la mtthodo dlchotomique peas A pas oat cello qui apporte los r~sultats los plus coh~rents,
los plus pr~cis at los plus fiables. Ce plus, olle apporte des r~soltats facilomant axploltablos pour on

-j temps d'oxaemr! court (mins d'une doci-houre pour los 3 coulaurs primaires). Avoc cotto mithoda, la
succession des images au samn d'une sfine oxp~rimentale, avec l'introduction ontro chaquo image test colon4
d'une image blanche au mC-mo nlveeu lumireoux, 6vite li6puisenent ou la side, ot',n du typo do photoriscoptour
interrogi. La gamme des friquoncos spatialos ut- la~es ost Etondue, crI'Vrant on domaine qul nost pas
toujoura explor6 aui sc. d'un m~st examen. j

L'utilisation de tubes cathodiquas coolours assure one standardisetion ot one calibration dens
los caractiriatiquos physiques do la stimulation visuello, ce quo los tests papiers canine los planches

A dWARDEN ou VC CHART no peuvont assurer. Le champ du tube -ouvre 8 degr~s at permot d'interrogar
globalorment toute )a vision centrale. Int~gr6 dans un environnenent contr6lA, 11 assure one calibration et
one stabilitAf do la stimulation visuella.

Taos, cas iliments en font on test tiaclo, facile a mottre en oeuvre, pour des sujets nails "tout
venant" do consultation ophtalmologique. Son tamps do passation relatlvoownt court nest pas p~nalisant
pour l'Inteocelar dans one battorie doexamon dens lo cadre d'une silection ou d'un dipistago d'anorrialies doef
]a fonction visuelle. f

On pout attribuer cola au fait quo la presentation utillsie no comporto pas quouna saulo coulf'ir
et. quo 1 'oxaten lul-mime dora un tamps n~gligeabla. Le sujet no pout dons pas compensor on petit d~ficitI

*latent pendant toute la dur~o do loxainen. L a mi~thodologie sansibilise lo petit d~faut do refraction.j
La diminution do sensibilitE aux hautes friquencos pour la bleu choz los myopas ot le rouge pour

les hypermitropes, ost sans doute lite an majeuro partie a laborration chromatique do loeil. Le bleu
convorgeant on avant du plan ritinlon sonsibilise una myopia latente. L'hyparmitropa quant 8 lui verre
woins bien le rouge puisque co darniar converge or arri~ro du plan ritinian.

On pout eves la m~thode de mesuro pas A pas do la FSC couleurs, parlor v~ritablement do test do
selection do personnel navigant. Los courbes indiquent li6tat fonictionnal do tout 1e systEme visual.
Ceapris la remarque prkcidante, la coul our eat on El6ment essential puisque la FSC en noir at blanc ou on
monochrome vort n~aurelt pas pu Wet aussin fine at indiquer do potits deficits latents.j

* Copendant, on grand nombro do sujats diff~ronts dolt Atre pass# afin ditablir une Veritable
etude Epldfnriologlqua des fonctions do sensibilitl au contrasto, Ella deviant alors essantlellement un
problsem Intlime antre chercheurs at clinicians, eels aussi tin problimo do temips d'examan &fin do constituor
los difffrants groupes dP r~ference.,

i5,2. SUR LES PRINCIPAUX RESULTATS 4

060-e lmntirit global do la VSC diii rwntrE par aillours (GINSBURG, SEKULER), l'intir~t do ]a
soul our dens la mature do ]a FSC oat mis en evidence par certains r~sultats. J1
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Mime chez les enmmitropes, 11 existe une meilleure perception pour ]a couleur verte. Si la courbe
"timoin" na 4t6 btablie que sur 16 sujcts, ce1& tient A plusleurs falts. Nous navons retenu pour
li6tablir que des sujets prisentant des courbes de sensibilit6 parfaltes, sans aucun point "aberrant". Par
ailleurs, certains sujets voyalent perfaitement li6cran. Placts a 1,30 mitre de celui-ci. ius pouvaient se
trouver ginis par la trane t16livsion et ripondaient plus A cette trame qu'aux riseaux prisentis. En
quelque sorte, possfdant une acuit6 visuelle tris flevie, maigr@ la prisentatlon des diffirents types de
riseaux avant 1lexplrimentation, ils riepondaient A la trame du moniteur et non A ces rdseaux. A l'avenir,
un nouveau compromis distance de vue du tube, angle de vision de ce tube, gamme de frdquences spatiales
devra Wte trouv6 afin dil1iminer cet effet pour les suJets emmitropes.

Dans certains cas d'amitropies, les courbes de FSC pour le rouge et le bleu ne sont pas I
similaires a calles dui vert.
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FIGURE I
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FIGURE 3
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COMPUTER ANALYSIS OF VISUAL ANti VESTIBULAR OCULOMOTOR
FUNQTVOM IN THE MFOICAL SELECTION OF FIGHTER

AIHCREM MEMBERS

a.es W. Wolfe. Ph.D., Edward J. Engelken, M.S., and
"tiennith W. Stevens, B.S., USAF School of Aerospace Medicine,

Neurosciences Function, Brooks AFJ, TX 78235-5000, USA

- ~S U M M A R Y 
-This paper reviews methods for evaluating visual and vestibular-oculomotor function in aircrew

rembers. Three specific tests are described: (1) pursuit tracking, (2) harmonic angular acceleration,
and (3)'saccadic tac::ing. In all of those tests, on-line computer analysis is used to quantify and

* describe the Itnput/output relationships. An example of clinical data from pursuit tracking and harmonic
, -. angular accuzeration tests for a patient Lth known pathology are used to demonstrate changes in test

results. The major point of this paper is that it is now practical to evaluate oculomotor function in
pilots and aircrew members selected for fighter aircraft duty.

It Is obvious that vision and visual-veatibular oculomotor control are critical sensory systems in
air-to-air operations, and that fighter pilots differ in the'r abilities to acquire and track targets.
Therefore, it would appear important to determine if oculomotor performance may be a relevant factor in
dutermining these differences. Furthermore, if a model can be developed that characterizes the
distingulhing features of oculomotor performance for the superior pilot, it may be possible to train -
all pilots to improve their ability to process visual input in a dynamic environment.

Within the pa!;t decade, a number of quantitative tests of oculomotor-vestibular function have been
developed (1,2,3,4). Two of these procedures, a test of pursuit tracking and one uaing harmonic angular
acceleration, have 01a3 become commercially available and are p? esently being conducted at over 40
medical centers world4ide. As a result, a large body of normative and clinical data now exists for
these particular tests. Within the United States military, only Brooks Air Force base and Wilford Hall
USAF Medical Center have developed or acquired the capability to perform these tests. 3eoently, the
Neurosciences Function at USAFSAM has also developed the methodology for totally characterizing the
saccadt¢ (fast) eye movement system. These three tests (pursuit tracking, harmonic angular

7aneleration, and saccadic tracking) can be acuumplihhd it- approxlmatly 1 -1.5 hours. Thu final
product is a comprehensive and quantitative description of individuals' visual-vestibulai-oculomotor
3systema

Z It is the purpose of this paper to show that If such information were available for all pilots and
airorew members selected for fighter aircraft duty, Longitudinal studies could be accomplished and these
variables correlated with performance. In addition, a standard would be available to determine if
clinical pathology is developing related to these systems.

RATIONALE OF OCULOMOTOR EVALUATION

Since visual and vestibular-oculomotor function use common neurological pathways, both Ly4Latms
require precise quantitative processing of sensory input in order for the individual to acquire and

.£ process visual information. It is well known that the visual oculomotur system is a low frequency
system which functions in the range from DC to approxi~rately .5 Hz, whereas the "estibular oculomotor
system is a high frequency syscer and can provide a stabilized retinal image fromt .1 5 Hz. Theriufcre,
if a target moves at a velocity exceeding 5r,ý/s the average itndividual will be unable tc propnrly track

r-• the target unless he generates "catch-up" saccades. If, in addition, he is also being subjected to
either high level angular or linear acceleratlons, his static and dynamic visual acuity will bej compromised by the interactive effects of vestibular nystagmus and counter-rolling of the eyes. An
extreme case, Is the departure from flight which can occur in swept-wing high performance aircraft. In
the case of the F-i5, "The aircraft can transit from Intentional, controlled roll rates in excess of

180*/s alsost instantaneously (5)". In this situation, it would be functlonal;y impossible to process
any spatial visual information. Since pilots are being exposed to acceleration environments which
exceed the dynamic rahge Of the oculo:notor system, it would appear Imperative to determine tie
parameters of visalt and vestibular-oculomotnr, function in these indivi'iuai•s.

METHODS OF EVA;,JATIiIO, PUR~SUIT TiIACrIING

Most laboratsi lea generate a visual target by deflecting a collimated be~m of light from a low-power
laner off a mirror ga.varroeiter. In our case, the target is a spot of red light (632.6 nm) subtend.ng
vi al angle ol 15' at the cornea. The spot is reflected onto a rear proje(:tion screen and deflected a

10' in the horizontal plane in order, to obtain calIbration signals for both the indivinual eye: andIsummated eye position eleotro-ocuaographio (1OG) si3gr,aL, Eye movements, in response tr, sinusoidal
tArget. motion, are obtained for three viewing uonditionsi (1) both e~les tracking, (2) left eye tracking
and (3) right eye tracking, Eye movement aignals are than fed to a PDP-11/311 digital computer' lor
cn-lims date analysis. Using auto- and cri,5s-power spoctral tecihniques, gain, phasen and spactra] purtty I
are calculated for each eye as well am for the summatee record fur each of the three stir-dun
conoitior . Thin results In a aet of nine marinares for eac2 stimulus ';un'l Ion. Since was -1[ff,,'"it

I ~.to Interpret the data In numerical form, a three- axis plotc-ial p] )t wan dciv. kopcd to di1 13y tie ihu;,taI
in such a manner that a pl,;t or perfect tracking results in anr equilater triangle. Ca i Ji3 the" a!rplittide of the eye position sirnal coripared to the amplitude of the ter'geL diapld,aement, while phase
is the time relationship between eye and target position: tt`0e t$-, meas8-es are fairly easy to
understand. H1owever, spectral purity ý+ppnar: , to be a more Cr.nfsling term, An example of a spectrolly



--a- -

37-2

pure stimulus for other sensory modalities would be monochromatic light or a pure-tone stimulus, since
4 in the frequency domain, all of the stimulus power is at a single frequency. The mr-asure, spectral

purity, Is the ratio of the output power at the stimulus frequency to the total output power. For
examplep if a target Is moving sinusoidally at .4 viz and the eyes tracw exactly at this frequency, then
100% of the respgnse is at the input frequency and the ratio of the output power at the stimulus

Sfrequency. to the total output power would equal one. It follows that output power at frequencies other
than the input frequency will lead to a decrease In spectral purity. This distortion Is typically due

* to the eyes tracking in a saccadic rather than a smooth manner. Originally we performed a parametric
study •ith 21 normal male subjects using single frequencies from .2 - 1 .6 Kz. These stimuli had peak
velocities ranging from 12.5 - 100.5°/s and peak accelerations from 15.8 - 1,011o/s2. The important
finding was that some subjects could track the target almost perfectly at the h'ghest frequency tested
(3). It became cleatr that all normals could adequately track a target moving at .4 Hz and this stimulus
frequency was adopted as a standard for clinical evaluations. Figure 1 shows the data plots from 21

normal subject,.

NORMALS N=21

RIGHTAA
SPECTRAL P¶JRITY7

TEF 5

PHASE GAIN

ONTH EYES TRACKIN LU L V1 Tlr, EIG 3NOfT EYE TPACNING

V.4 kh

Figurr: 1. Pictorial plots of pursuit tracking data, F - .4 Hz. Sha(led area equals 10th and
90th percentiles for 21 normal subjects. (From Reference 2, reprintEd by permission of Annals
Pub)ishlng Co., -St. uouis, MO, 1984)

:I

DurinF he pasft 8 y'ars, we have evzluated over 2000 carefulty .elected patients referred by board
certif id clAryr.- .lopist,, neurologlistp, a. ' neurc-ophthalmologists from the USA0SAM Aeromedical
Conn' itatiri Servi -e and Wilford Hall USAF Medical Center. Th majority of these patlents were referred
rr 'va'uaLlon of peripheral pithology related to inner ear function, Fortunately, we were able to test
irary of these pat ients before and after s irgical procedures such as the removal of acoustic neuromas or
endelymptatic shurt prc'-ýdures; and a few selected patients were evaluated snnue.]ly for up to & yeErs
postoperativell. Figur I shows tracking data from a patient wt,c had a modrrate size (2 - 2 1/2 cm)
portiigs angle turar-. IT. pati•it had ;nought medical advice in response to an apparent d"crement In
b treat Iiag In h1, rigna ear. Although he nad no vertitular symptoms, caloric testing revealedI a 301
unriaI@eral weakness ar] the igrt side; oawever, r'otational test rearulit were within normal limits. MH
pursuit tracking ahowed a s-aer Iicant d1.frerient Vi spectral purity and phase rulatJonships were in error
when tracked with aits rifhL eve. At tee time of hurgery, the tumor was found to be attach'ed to the
brai aterm just bclow the V cranilall -- rve and it wee corr;ressing the pons. lVhen tested 1 week
- :po su gery, his pursulit 11.. 1 -vc.i sbcEed a decrement In apt ctral purity wher, tracking with the
.rght eay and. there w a sn innrrease in the Fatn of his eye movemenrts especially with both eyes tracking,
Aowever, the phane relatlioanhip:z when traukQir* With tle right eye were now within no,.mrl limits. figure4 A c' shUw.ri he had alm st perfect tracking ,:ier all conditions when tested 5 months poat-aurtgr;. Thin

a, e clearly shows tie importanoe of ev- iatlri pu--sult tracking morncularly in order to reveal 3Ltier
-,n *eital or pathological asymmetriLes the ocu:uactor system. " "

L -a . ........
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AiHT SPECTRAL PURITY

LEFT

A>P APHASE GAIN

PRE SURGERY

sum (1) POST SURGERY -

(2) POST SURGERY

BOTH EYES TRACKING LEFT EYE TRACKING RIGHT EYE TRACKING

FA.4 Hz

SFigure 2. Pre and Post surgical tracki~ng data from a patient with a 2 -2.5 cm right acoustic ,
neuroma, (1) 1 week post surgery; (2) 5 months post surgery. (From Neference 2, reprinted by
permission of Annals Publishing Co., Sr. Louis, MO 19811)

METHODS OF EVALUATING SEMICIRCU ,AR CA! FUNCTION WITH HARMONIC ANGULAR ACCELERA% ION

Although rotational testing (angular acceleration) has been used for many years in atnerpts to
evaluate horizontal semicircular canal function, adoquate techniques were not available o(; quant•ify the
relationships between the input and output. With the introduction of reli&ble DC torque motor driven
turntables and the application of digital computers to frequency domain analysis, it became possible to
apply more sophisticated techniques in the evaluation of semicircular canal function. Ac- most people
are aware, the functlon of the semicircular canals is to pr,,vlde an input tj the oculomotor system such
that the eyes are driven in a compensatory manner in response to ang,:lar aecel,,ration of the htlad,
Ideally, eye ve!locity and head velocity are equjal and opposite (180 out o, phase) leadirg to a
stabilized retinal image. As previously mentioned, the vestibular system is a high frequency y.3terM (.i
- 5 Hz) and complements the visual pursuit yatee., However in order to eliminate the Influence of
vision on the oculomotor system, vestibul- testing is conducted in the dark.

Since the normal semicircular canal - vestIbulo-oculomotor system is a linear syatem, it Isf"practical to evaluate it with linear system anaysils terhniques. As in the case of pursuit tracking,
j the same variables of gain, phase and spectral purity are uf primary interest. In addition, since

sinusoidal a,ecelration is symmetrical around zero, it is possible to measure the left.-right asymmetry
of the vetlt, Oc, ocular reflex (VnR). Rotational testing as r'evelope.d at USAFSAII involveu two options;
either single lnusoids ranging in frequency from .01 - .16 Hz or a sui. of sinusoids from .111 - .27 liz
are used as stimuli. In our earlier studies (6,7,8) •e were able to show that even with the l,3ss of one
labyrinth, the VOR was within one standard deviation of the normal range at .16 Hz. However, at lower
frequencies phase shifts showed a c1grilficant deviation from the normal values (see Figure 3). The data
of FJgvre 3 are froi' the same patient discussed undo:- "pursuit track)ng". Since thi. patient wasI statlorciO at USAFSAM Tor over' 3 years, it was possihl: ., repeatedly evaluate him. Furthermore, as
previousl] mentioned, prior to surgery he had no Symptoms other than a Urcitater;i, hearing loss; was
reasona',ly young (40 years cld), in good health, and very active in sports. Prior to surgery, his
tested i hase relationships w're at the normai mean values above .011 Hz and showed a slight deviation
from the normaal mean values at .(,1 arid .02 l1z but were still wiltrd, normal stItistical limits, lie also
had an a'erage dirnotinral preponderanod of 10% to the left which is within one standard deviation for
,ormal subjects. The sudden loss of one labyrinth due to sectioning of tho Vti1th nerve during tumor h
removýl, 1-6rito dndrm-ti- 7hange n In the V'OR If, those lndivldual= who -still have coniLderabl.

phase relationships were still normal at .16 iz. However, as the stimulus frequency decreased below .16 .
Hv. his responses deviated over two standard devlaLins from the nor-nal means. At this period in time he
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Figure 3. Data from the sam.! patient before and after tumor removal in response to harmonic
angular acceleration. (From Reference 6, reprinted by permission of Academic Press, New Ycrk,
NY, 19814)

also had a 50% preponderance to the left. Although his responses to rotation became symmetrical with
time, the phase def~clts were permanent. Unfortunately, 1 week prior to his 3-jear post surgical
evaluation he suffered a severo retinal detachment in the rignt eye. As shown In Figure 3, this waa
reflected ae an Increase In deficit of his phase measures at .08 and .16 Hz and a loss of response
symmetry. These results imply that compensation is an active process requiring tinocular visual input.
The phase measures show the least variability between subjects and within sub jector, and were repeatable

- withi., a few degrees. Thus, the major advantage of this type of testing is the a'ilI'ty to det.•r.sine
changes In the VOR. Although the phase measures are correlated with pathology, they are )uio normally
o;st~ributed; theref..re. if, would b's ideal to havq a standard test ror all air-craw sembera in .)raer to
determine early loss o" funatUi, as reflected in subsequent tesating.

: I ~EVALUATION OF SACCADlG (FAST) ME5 MOVEMENM'•

Since the generation oa' sacoidlo eye movements is under hoth cortical and reflex control the

r i• •movement3 reveal aspects of the oculomutor system that are conplermentarV to the slow pursuit and VOR
systems. Our present test uses binocular infrared reflectance techniques to acquire the eye mo'.3me,'ts
and analysis of Lheje data 1a perrormed on-line by computer. Eye movements are recorded blnocularly for
three tracking conoitions; left eye tracking, right eye tracking, and both eyes tracking. Target
motion in in discrete jump-, ranging in amplitude from 5' to 400, and both tthe time of the move and its
amplitude are randomized.

"•ye velocity Is calculated fr&., the eye pos. tion mivra' end the resulti ig record 3 are scanned by
the computer to locate all macvadio eye movement~s made In rempmoae to eat!- •arget diaplacement. Sacoade
amplitude, peak velocity, peek accelerution, peak deceleration, duration, air.i latency are calculated for
eu-h eye movement. The functionaL dapendurion of these variables on sith'ir target amplitude (latency arsd
sacoadu amplitude) or eye movement amplitude (yelocity, .ojelerutior,. deelerat;ori, and duration) are
determined by regression analysic. A nonlinear regression is used Vc represent thu peak velocity, peak
acceleratior, and peak deceleration retationahlpa. sata are antlyzed for each eye separately and
further divided into abductirng and adduocing movesfcr,t,. The results of these tnalysea are presented in
graphic form to aid interpretatton (see Figure '), v4
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Figure 4. Binocular data from a normal subject In response to nonpredictable, discrete target,

imuvements.

S 1DISCUSSICNa

It is appare.nt that there are method" available to adequately describe both visual and vestibular
crontrol of oculomotor functIon in nora-l alrerew members. Although scientists In various countries of
the world may be uslng different experimental designs, their goals are the same - to more rigorously

describe and quantify the input/output relationships.

Since it Is not known if thete is a high correlation between oculomotor function and visual
; percsepit"oni, thore i stili a need for continued t,:,.!o research, especially in thi- area of dynamic visual

;.,•ulty. For example, one individual may be able to track a target at a higher velocity than another yet

have the same threshold for identifying moving targets. Data from pursuit tracking studies st-ow clearly
"that the use of ;urely binocular tracking toests does not reveal asymnetries and differences that exist
with monocular inputs. Although all military pilots are presumed to have normal binocular visJal
function, targets and visual Information often firs't appear, in the periphery or visual field o,* one eye. 4
Some pilots can quickly acquire aircraft while others, even with directions, have difficulty In finding
the target. Althcugh this mitu.tion is confounded by seurching technique3 and probabilities, the
questi)ln still remains as to whether oculomotor dynamics play an Important role in this ability. r

I thr cseo vest ibular-oculomotor function, methods are available to obtain quantitative anelU
reliable Informaticin related to horizontal canal function. Since it .s not known what the immediate or
long-term effects of sudden onset high g exposure may be On the labyrinth, It is important to have at

- .. least one medical e'aluation standard related to vestibular function, Since the phase measures ,)f the
VOR Are iiil~hly repealtile within ,,Abjeu•a but. normally i'atrltutad botwi.n zvubjcct., the tczt cituation$47 would be to hare a standard set of test results for each individual. Furthermore, although high
performance pilots may be selected for excellent health, eventually some percentage of them will develop
pathology related to the vestibular apparatus, When that occurs, results from a rotational test
performed prilor to any impairment would be extremely valuable.

Lb'i
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The use of data from any of these tests to predict performance is problematic since there iný
presently no standardizatlon of teohniques between civillan. or military laboratorics. In addition,

* since these tests require sophisticated data acquisition and analysis systems, the evaluation of airorew
members would have to be centralized iy the various services and countries.

r
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VISUAL CAPABILITIES RELATED TO FIGHTER AIRCREW PERFORMANCE
IN THE F-14 AND ADVERSARY AIRCRAFT

W. A. MONACO and P. V. HAMILTON

NAVAL AEROSPACE MEDICAL RESEARCH LABORATORY, NAVAL AIR STATION,

PENSACOLA, FLORIDA 32508-5700, USA

JT

SUMMARY

Standards for aviation personnel should be kuased on capacities for performing critical
tasks. The purpose of this study was to determine whether scores on task-relevant visual
tests could be used tA predict iir-to-air target detection performance of pilots involved
in air combat maneuver (ACM) training.

NAMRL has developed a series of automated vision tests in a mobile field laboratory
located at a Tactical Air Combat Training System (TACTS) range. A computerized telemetry
network provides extensive real-time data or, observer and target aircraft flight
dynamics, and environmental parameters. A pilot's performance on each ACM engagement
was measured by the s.ant range at the instant he sighted a target aircraft. (Slant
range is the distance separating observer and target aiicraft, inclusive of altitude
separation.)

Preliminary analyses show that about 30% of the variance in slant range is
accounted for by flight dynamics, environmental parameters, and vision data.

* INTRODUCTION

* Traditional selection and retention standards for Navy aircrew members are based
upon clinical consideration of good health, and functioning of independent o~yan systems.t
These standards have been derived from established rigorous physiological criteria that
have been used for clinical diugnostic purposes by highly specialtzed health care
practitioners. The resulting aviation medical standards are extremely restrictive
without necessarily demonstrating that they optimize the individual's performance on
assigned operational tasks.

' ,This research project attempts to expand the scope and depth of measures of visual
capability, beyond those normally assessed in clinical settings, to include functions
that may be correlated with performance of specific aviation tasks. The Vision Sciences
Division at NA.IRL is currently assessing visual capabilities of pilots and relating
vision to the pilot's target detection performance during simulated air combat. J

"Although modern Avionico and weapons systems enable target detection, 'target 4
the current rules of engagement in air combat require that the target be visually

/ V identifieC before weapons are launched. Further, avionics can fail and be "jammed",
S~as expcrrinced by pur aircrews In Vietnam, thus rendering vision the sole means oftarget detection. In Vietnam, a'aignificant number of ki)ls were attributed to the

ability to visuallV detect an: fellowenemy aircraft.

It is readily apparent that vision continues to play a key role in air combat, and rt

that it is important to quantify visual capability in a manner that will enable clinicians
to relate rl.lniofl measures to flight performance parameters. In an attempt to satisfy
this goal, 91 Navy pilots involved in ACM training were studied. The visual capabilities

I of these pilots were extensively evaluated, and compared to their air-to-air target
detection performance. The results of this study are reported herein.

METHODS
1 tt~.__. ___

Subjects.

Ninety-one malt pilots (age, 25 to 41 years) were studied at the Tacttc4l Air Combat
Training System (TACTS) range. at NAB Oceans, VA. Two groups of pilots were distinguished. ,

W. 1Grotip P consisted of 18 members of the adversary squadron station at NAS Ormana. Tho4
had accumvlated an average of 1888 flying hours, with 34% of these hours in ACM. Group
A pilots flew F-5 and A-4 aircraft on most ACM Missions; these aircraft were not radar
equipped, ao these pilots depended exclunively on vision for target detection. Group
B conuistel of 73 pilots frcA seven operational squadrons participating in the
Fleet righter AirOrew Readiness Program (FFARP). They had an average of 1749 flying
hours, only 17% of which were ACM. Group B pilots flew '-4 aircraft on all ACM mnisaions,
and used both radar and vision to detect targets. .'

• .I•i i, *'•, " * , , .I *'
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Vision Data. Six vision tests, selected on the basis of test reliability (4) and
relevance to the target detection task, were administered to all 91 pilots. The six
tests (listed below) are referred to by their code names (in parentheses) hereafter.

1. Central Spot Detection, minutes of visual, angle (SPOT) V

2. Central Acuity, high contrast, minutes of visual angle (ACHI)

3. Central Acuity, low contrast, minutes of visual angle (ACLO)

4. Central Acuity, low contrast, with glare, minutes of visual angle (GLAR)

5. Accommodative Flexibility: far to near, seconds (FLEX)

6. Lateral Movement Detection, left and right, minutes of visual angle
per second (MOVE)

The test design and data collection procedures were outlined in previous reports
(1-3). A mean stimulus threshold value (T) was obtained for each vision test, based on
10 threshold value determinations. For the first five tests listed, the mean threshold-
stressed response time (SRHT associated with the 10 threshold determinations, was also
obtained.

Targelyt Deetion Pterformance Data. The TACTS range incorporates a computerized
telemetry system which provides real-Eime flight and engineering data about observer and
target aircraft, on eýsch ACM engagement. The "slant ranqe" at the instant of the "TALLY
HO" call was used as the measure of a pilot's air-to-air target detection performance.
"TALLY HO" is the term used by pilots to indicate initial target detection. Slant range f
is the actual distance (in kilometers) separe-;ing the observer and target aircraft,
inclusive of altitude separation.

Over a one year period, data were obtained for 759 ACM surties (engagements) on the
TACTS range involving these 91 pilots as observers (mean - 8.34 sorties/pilot; range,
"1 to 30). The following flight dynamics and environmental variables were obtained forS~~each sortie at the instant of "TALLY NO": •

v. Visibility (kilometers), cloud coverage (clear, scattered, broken, orovercast), (cosine of) angle of the sun in the observer's via'ial .fieldf " (range from directly in front - +1, to directly behinn = -I).

2. Number of observer and target aircraft involved. I

3. Slant range (kilometers), bearing, and angle off-the-tZii of the
target from the observer aircraft.

' 4. Target angle (degrees) f.',m observer aircraft (angle hetvp.,en observer
aircraft's direction and actual line-of-sight to target).

. 5. Observer and target aircraft Mach, indicated i Irspeed (knots), heading,
altitude (meters), angle of attack, G-force, dive/climb angle, rate of
climb (meters per minute/100), pitch angln, roll angle, crab angle, .-
sideslip angle.

6. Veriables computed !erom th-) Above variables: attitude separation, angle
of target aircraft above o: below horizon, projected area (square metcraJ of
target aircraft (includes aircraft type (size), attitude, and viewing
aspect of observer), target velocity component (the component of a target
aircraft's cround velocity vector peroenlicular to the observer's viewing
aspect, i.e., a measure of hcw much tareet movement occurred in the
observer's visual field), and closirg vjloc~ty (knots).

RESUL.TS

The average ulant range at "TAT,LY HO" for the 759 ACM sorties was 10.96 kilometers
(s.d. - 6.1; range, 0.7 to 5-.7). The same mean rante (10.96 km - 5.92 nautical mi.1.em)
was reported for 87 ACM eigaggments invuloing P-14 and F-4 observer aircraft at the Yums
TACTS zango (4). A meati range of 5.72 km was raported for 100 ACM engagementsr .nvolving
F-4 observer aircraft at the Yuma ThCS range (5). Some of the longer slant range valuA-s
in the presert data are known to hhve resulted fron sighting of contra'.ls or smoke,
rather than t:he actual aircraft boly. Croup F. pilots had an avarage, slant ralnge value'
.c 12.65 km (ntd. der. - 7, f n - 347 sorti.es), while Group B pilots had an a'eirage
• 'lant range 9.39 km std. dev. - 4.3; n - 412 sorties). Given an average target projected
area o" 23.3 m2

, the average spot detection threshold (SPOT-T a .46 minutes of visual
angle) would crrrerpond to a slant range of 40.6 ki; the averago low contract acuity
threshold (ACLO-T -. ,80 eva) woul7 correspond to a slant rang& of 23.3 km.

IA I

i ,
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Comparison of the angular subtense of the targets (i.e., a icircle having the computed
-projected area at the slant range distance) reveals that this difference is primarily

6ue to the fact that Group A pilots were sighting F-14's and Group B pilots were sighting
*much smaller aircraft (F-S's and A-4's). Group A pilots saw targets at a mean angular

subtenue of 2.46 minutes of visual arc, and Group B pilots saw targets at 2.17 minutes
of visual arc. Using these angular subtense values to correct for the different
aircraft targets s}jhted by the two pilot groups, the computations can be reversed to
ask what the expected slant ranges would be for the saut sized target, for the two pilot
groups. For target--ving-_ht-- average projecteR area (23.3 mZ'T, Gr-oup A pilots would
have an average !výeted slant ran a' of 7.59 km, and Group B pilots would have an
average expected slant range of 8. km. The ability of Group B pilots to visually
detect a standard target 1.0 kni farther away than Group A pilots is almost certainly
due to Group B having an operational radar. The radar-associated advantage would,! ~probably be greater if both p ilo(_ qroups were equally experienced in AM.

Cloud coverage (a discrete variable) influenced slant range (Figure 1). The
Saverage slant range value was over 1.8 km qreater on overcast days, than on clear days.

Pearson correlation coefficients were computed between each continuous TACTS and vision
variable, and slant range, for all 759 sorties, and variables significantly correlated
(P < .05) with slant range were identified. Because certain TACTS variables are related
(e.g., aircraft Mach, Indicated airspeed, angle of attack), the rignificant correlations
between .ome varitiles and slant range result from these inter-relationships. The
primary TACTS variables significantly correlated with slant range are summarized in
Table 1. The relationship between slant range and observer aircraft G-force is
illustrated in Figure 2. The corrtlations between vision variables and slant range are

"¶ given in Table 2.

Stepwise multiple regression anilyses wtre conducted in order to evaluate the valueSof TACTS and vision variables in'predicting air-to-air target detection performance, as
measured by slant range. Duamy variables were used to represent the four categories
'f cloud cover (clear, scattered, broken, overcast), and the two groups of pilots (A, B).
k.agartlass of whether all variables, or just vision or TACTS variables, were available

C or entry into multiple regression models, pilot group was the first variable to enter
(See Table 3). This result reflects the significantly longer slant ranges for Group A
pilots, who were sighting F-14 aircraft. Of all the multiple regression modelsI generated, the best predictive power (R-squared = .296) was obtained when both vision
and TACTS variables were available, and when Group A pilots were considered by themselves.

For all pilot groups, TAC'S variables clearly accounted for more of the variance in
slant range, than did vision variables. Target. projected area, sun position, visibility
and cloud coverage appeared to have more influence on slant range for Group A pilots thanGroup B pilots. Target angle, closing velocity, and observer sideslip angle appeared to

'I have more influence on slant range for Group B, than Group A pilots. Observer G-force
appeared to influence both piiot groups cbout equally.

SFor ail pilot, groups, threshold-stressed response time for the low contrast acuity
K - vision test tended to have the greatest influence on slant range of any vision variable.

• Cithrr vision texts having a significant influence (P < .05) cn alant range in sore
models inolule- lateral movement (to the right), sjot-detect~ioi, high contrast acuity,
and Lcoommoditive flexWbility. in general, threshold-atressed response times appeared

SThJ multiplf regressin model which best predicts slant range from TACTS and vision
variablae, for both pilot groups (R-uquared ,= .27), ia given below: j

Slant Ravrj - 29.35 -4.44 (Group) -. 120 (target angle) -. 013 (closing
vrlocity) -1.467 (observer G-force) -. 06 (projected area) +1.178 f

A ' ' (ACLO-SPT) -. 976 (cosine of sun position) -. 024 (target aircraft
rai e ,if climb)-

where, group equals 0 if A, 1 if B

'he multiple regression model which best predicts slant range from TACTS variables I .
only, fo- both pilot aroups (R-squared - .26), is given below:

Slant RMnge - 31.56 -4.3&, (Group) -. 122 (taratet angle) -. 013 (closing velocity)
-1.461 (observer ti-forceý +l.(l (cloud cover) -.Of (projected urea) -. 989
:cosinf of sun pos':L ion) -. 024 Itargut aircraft rato o- climb)

where, group equals 0 if A, 1 if B; cloud cover equals 0 if clear, V -

r' scattsred, or kroken. I f ovearasc -f'~I4~ ,

- - __I
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DISCUSSION

The air-to-air visual target detection performance of U. S. Navy pilots training
in ACM was clearly influenced by environmental, flight dynamics, and vision variables.
The significantly longer slant range values associated with overcast sky conditions
(Figure 1) are probably due to improved target contrast against the background. Sun
positions in the observer pilot's field of vision resulted in shorter slant range
values, than did sun positions behind the pilot. Because ACM training lasts throughout
the day, and because observer aircraft headings are not consistent for different "TALLY
HO" calls, the average sun position for all ACM sorties was directly overhead. However,
of the 30 "TALLY HO's" called by pilots at slant ranges exceeding 24 km, 29 occurredI when the sun was behind the pilot. The sun's position would influence target detection
performance through its effect on observer canopy glare. Also, because target aircraft
in ACM training are normally located in front of observer aircraft, the sun's position
would affect target reflectance or glint.

Of the target aircraft variables measured, indicated airspeed had tht strongest I
correlation with slant range, for all pilot groups. Because the correlations were
greatel between taret indicated airspeed and slant range, than between closing velocity
and slant range, the cause of this relationship ought to involve the target aircraft
directly. Slower airspeeds should result in a greater concentration of exhaust smoke
and hence should increase target visibility. The small (yet significant) positive I
correlation between slant range and the vector component of the target aircraft's
ground velocity (perpendicular to the observer aircraft's viewing aspect) probably
reflects increased detectability associated with increased movement of the target in the
observer's visual field. The positive correlation between target projected area and A-
slant range presumably results from a larger target being visible at a greater distance.
The fact that this correlation is not higher than .079 may mean that observer pilots are 9 ½
detecting glint, smoke, or contrails, rather than the actual aircraft body.

The number of target aircraft (range from 1 to 6) available for detection was
£ significantly correlated with slant range for Group A pilots only. Because they

depended exclusively on vision, more available targets would increase the probability
of target detection. Group B pilots typically "locked on" to a particular target
ai:craft with radar prior to visual detection, and were primarily concerned with calling
"TALLY HO" for only that particular target.

j The relationship of target aircraft sideslip angle and slant range is difficult
9- to interpret for different groups of pilots. One confounding factor is that the average

sideslip angle of Group B aircraft was over four times greater than the average sideslip
angle of Group A aircraft (4.89 vs 1.12 degrees).

Four of the observer aircraft variables were significantly correlated with slant
range for all pilot groups.

(1) The negative correlation with target angle means that targets
directly in front of the aircraft can be seen at greater distances.
In these fighter aircraft, the windscreen glass directly in front
of the pilot is a planar surface; canopy reinforcing bars are
positioned at each side of this flat plate, and the adjacent wind-
screens are curved. Thus, poorer slant range values associatedwith large target angles (i.e., off axis targets) could be causedby distortion, partial blockage of the visual field, or both.

(2) The correlation between observer aircraft indicated airspeed and
- ! slant range is greater than the correlation between closing

velocity and slant range. This result suggests that the cause of
the observer indicated airspeed vs. slant ranep relationship
directly involves the observer ai~rcrallt. The reason for this
relationship is unclear.

(3) The negative relationship between observer G-force and slant range (Figure
2) probably results from reduced visual function (e.g., loss of peripheral
vision) associated with physiological stresses (6).

(4) The negative relationship between observer aircraft sideslip angle and
slant range probably reflects the fact that high sideslip angles are
associated with an aircraft turning. All objects in the visual field
are moving in this situation.

Of the two aircraft relationship variables, closing velocity had the strongest
relationship with slant range. This could simply reflect the fact that slower closing
velocities allow more tine to detect targets at greater distances. Alternately,
this relationship could be an indirect one, owing to the direct relationships between

14 slant range and both target and observer aircraft indicated airspeeds (set above).
Altitude separation was negatively correlated with slant range for Group A pilots, but 4t,•i not for Group B p1ilots, The Group A results could be due to targets being more

4fl$• visible when they are in lint with the horizon, or could reflect a more distorted Cl "

it.•[ or blocked field of view at angles above or below the observer aircraft's axis.

L i -~ _ i, V
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The several positive correlations between threshold-stressed response times and
slant range indicate that longer (= slower) response times are associated with longer
slant range values. The response time measures for these vision tests tended to be
negatively correlated with their companion threshold measures. Possible reasons for these
inter-relationships are discussed elsewhere (7). The fact that ACLO-SRT had the
strongest correlation with slant range may reflect the fact that a target aircraft's
contrast with its background is deliberately minimized by its color and reflectance.
GLAR-T and MOVR-T were siqnificantly correlated with slant range for Group A pilots,
but not for Group B pilots, whose radar information told them exactly where to look.

Multiple regression analyses support the importance of contrast in visual detection

of an aircraft target. ACLO-SRT entered the model (for both pilot groups) when both
TACTS and vision variables were available; however, when only TACTS variables were
available, ACLO-SR' was replaced by overcast cloud cover, a condition almost certainly
associated with greater target contrast. Most of the differences between models for
Group A and B pilots can be explained by their differing degrees of dependency on vision
for initial target detection.

r £Several scenarios can be described to summarize the relationship of these TACTS data
71 to slant range. With an operational air-to-air radar as a supplementary aid, a observer

pilot can expect to detect targets visually at a longer distarce if 1) he flies directly
toward the target at a slow airspeed, and if 2) he avoids sharp turns or other actions
that cause apparent movements of objects in the visual field ("swim"), and that produce

t; abnormal G-forces. An observer pilot lacking an operational radar system (i.e., none in
aircraft, or equipment failure) should do both of the above, plus insure that the sun is
behind and (if possible) attempt to fly at the same altitude as the target aircraft.
A pilot uho wishes to get as close as possible to an adversary aircraft possessingi
operational radar, before being detected, should fly fast and at a greatly different
altitude than the adversary; for an adversary lacking operational radar, such a pilot
should also fly with the sun at his back.

The multiple regression analyses indicate that slant range is more dependent upon
I TACTS variables then vision variables. This might be expected, given the fact that Navy
5 pilots are a highly select group; these 91 pilots had an average high contrast acuity

threshold (ACHI-T) of 0.39 minutes of visual angle, which is better than 20/10 Snellen.
Y The greatest R-squared value (.296) means that 30% of the variance in slant range could

be accounted for by all the variables used. Air-to-air visual target detection is a
very complex behavior, and unmeasurable factors probably influence performance. Future

f research will test and refine the predictive models for slant range described here, at
the TACTS range at NAS Oceana. The goal of this program is to improve air combat

* performance by suggesting more effective methods for selection, retention, and

training of aircrew members.
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II

TABLE 1. CORRELATION COEFFICIENTS BETWEEN SELECTED ENVIRONMENTAL AND
FLIGHT DYNAMICS VARIABLES AND SLANT RANGE, FOR DIFFERENT PILOT GROUPS

PILOT GROUPS

A& B A B
VARIABLES (n - 759 sorties) (n - 347 sorties) (n -412 sorties)

ENVIRONMENTAL

- sun position -. 199 -. 130 .015

TARGET AIRCRAFT

Indicated airspeed -. 178 -. 228 -. 089
- vector component of

ground velucity .082,, .079 .083
- sideslip angle .171, -. 071 -. 051 =

- projected area .079 -. 095, .012
- number of target aircraft .049 .147 -.027

OBSERVER AIRCRAFT

- target angle -. 133** -.l85*.
i. indicated airspeed -. 270 -. 199 -. 226,A

, .re 190,* -. 223, -. 202**
. sideslip angle -. 185 -. 126 -. 242

AIJ C•"jT RELATIONSHIPS

. •'.itude separation -. 067** -. 132* 030f.'.l "osing velocity -. 130 -. 195* :056

! ~'i !j. * " P < .05 . .5--

" .0005

TABLE 2. CORRELATION COEFFICIENTS 4lETWEEN VISION VARIABLES
AND SLANT RANGE, FOR DIFFERENT PILOT GROUPS

PILOT GROUPS

SA&B A S
VARIABLES (n - 759 sorties) (n - .347 sarties) j( - 412 sorties) 2

SPOT-T .*ooB -.043 -.o88
ACHI-T -. 098 -. 03? -. 1.28
ACLO-T .012 -. 10, -. W32
GLAR-'' .020 -. 128 .020
FLEX-T -. 008 -. 07p -. 064
MOVL-T .059, -' 09(,, .028
MOV.R-T .072A -. 138 -. 000 - "
SPOT-SRT .096* -0-.088a
ACHI-SRT ,300,* .0 *Ob

ACLO-SRT .190** .135 .143
GLAR-SRT .145 .042 -. 007
FLEX-SRT .056 .069 . 05b

, * P < .05
A ... 005 '

A**P<*"05 ( '

So05
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TABLE 3. RESULTS OF STEPWISE MULTIPLE REGRESSIONS FOR THE DEPENDENT VARIABLE SLANT RANGE, USING
DIFFERENT GROUPS OF PILOTS AND INDEPENDENT VARIABLES. VARIABLES ARE LISTED IN THEIR ORDZR

OF ENTRY INTO MODELS. (P <.05 FOR ENTRY AND RETENTION IN MODELS).

GROUPS OF PILOT GROUPS

VARIABLES AB A

VISION AND TACTS R 270 R .296 R -. 211
VARIABLES

1. Group 1. Target Mach 1. Target angle
2. Target angle 2. Cloud cover 2. Closing velocity
3. Closing velocity 3. Observer G-force 2. Obsarver G-force .,
4. Observer G-forc, 4. Vaisbillty 4. ACEI-SRT
5. Projected area 5. ACLO-Sr.T 5. Observer sideslip

angle
6. ACLO-SRT 6. SPOT-SRT 6. Target altitude
7. Sun position 7. Target angle

U. 8. Target rate of climb 8. Closing velocity
9. Projected area

10. Sun position
11. FLEX-T

2 2VISTON VARIABLES R2 - .099 R .034 R -. 044 -.

S,. Group 1. MVR--T 1. ACLO2SRT2. ACLO-SRT 2. ACLO-SRT 2. ACBI-T
3. MOVR-T 3. ACLO-T

1. Group 1. Cloud cover" 1. Target angle

2. Target angle 2. Observer G..force 2. Clouinb velocity3. Closing velocirty 3, Target angle 3. 9~bserver G-force
4 • . Observer G-force 4. Closing velocity 4. Observer sideslip

angle
5. Cloud covwr 5. Projected area 5. Cloud cover ,I
6. Projected .trea 6. Sun po0ition 6. Target angle of

attack
K.- •,7. Sun positit'n

8. Target ratd! of climb

M".4 ....

Ad - '
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VISION TEST BATTERY THRESHOLD AND RESPONSE TIME AS PREDICTORS OF
AIR-TO-AIR VISUAL TARGET ACQUISITION IN F-14 AND ADVERSARY AIRCRAFT

A. MORRIS, P. V. HAMILTON, W. A. MOREY, AND R. P. BRIGGS

NAVAL AEROSPACE MEDICAL RESEARCH J•ABCXJATORY, NAVAL AIR STATION
PENSACOLA, FL 32508-5700, USA

SAFETY SCIENCES DEPARTMENT, UNIVERSITY OF SOUTHERN CALIFORNIA
LOS ANGELES, CA 90089-0021, USA

SUMMARY

The NAMRL Vision Test Battery provides assessment of variouý visual functions,
including spot detection, acuity at high and low contrast, glare sensitivity, and
acconmodative flexibility. Within these tests are measures of threshold, threshold-
strense"1 response time (for near-threshold stimuli), and unconfounded response time
(for s-apra-threshold stirmli),

Th: contribution of response time variables to predicting flight performance war
evaluated for 73 fighter pilots. Vision test data were compared to performance in airIcurxbhat maneuver training. The distance (slant range) between the observer and target
aircraft at time of initial visual detection was used as the performance variable.

, Availability of response time variables enhanced the ability to predict the
OIL--to-air visual target detection performance of these pilots. Four vision variables
auccounned for about 32. of the variance in performance of those pilots who detected
target aircraft at slant ranges greater than the group average. Prediction of1e•;rformance is improved b., incorporating other vision data and additional refinement of

th&ý perfe;rsance measure.

11'.TRODUCTION

For several years a major program hs been in progress at the Naval Aerospace Medical
Research Labor-atory to develop and validate a battery of vision tests for as-essing those
visual functions which influence mission eff~ectiveness in naval aviation. An automated,
optical-mechanical testing system has been developed and successfully used to make vision
Invaiurerents siuch as acuity cet high and low contrast, spot detection, glare sensitivity,
and accommodative fle.xibility. Recorded in each of these tests is a measure of the
response rime. The inverse relationship between response time and ability to detect the
stipruoiis is w.ol established (1). Response time ia an established and useful mea.sure
uoC mental processing and coordinated activity.

In the past, air-to-air visual target detection performance has been predicted
-Dri marijy using visual threshold data from the NAMRL Vision Test Battery (VTB) , However,
'Srickson (2) found that laboratory "1i ual search time scores of 22 Navy pilots were not
reIl;t~'d to viual ac-!ity but were signifi(antly correlated with reSponlse time measures.
Although the VTB tin oshold data alone account for some of the varlance in pilot
performance, the use of response time data instead of, or in addition to, threshold data IScould im~prove predictive power. in this study, Che con~tribution ;,of responao•. tinte data4

in predicting air-to-air target detection performance of pilots is examined.

SMETHODS X

SeVenty-three exparienced male Navy pilots attached to Fighter Wing One, NAS,
Ucoana, VA, participated in this project. The subjects ranged in age from 23'. to 41 years
(seecn = 30.3), anrd Langed in fl ieq exp(erience 'total fl,'inq hours) from 400 to 41"('0
• hours (miean = 77"). All subjecut demonst.rated excellent visual acuity (at least 20/20
Sneolcn, acuity) and pussessed the superior practical visual skills required for flylnUg
adva, n.:e. aircraft. Therefore, they were a highly select group, both in terms of vision
test swcores and successoful] job terfocirAnce,

A PPh RAT US

TThe VI'tiýn TsFLst Battery (VTH) equipment and digi.tal control system have beer, deacritIed
ci"eshore in ,reatei" detail (3,4?. -the VT1:i consists of an optical projection system with,,
rv3ndrn-acroetss slide ptojec'tors, t shing abutters, arid a response Joystick, all Intr.grt•eýd

". through a ,'191 tal co-mntroller linkee to a Hewlett-Packard 9P25 computer vla variousr inter-

. eings and single spots on hiyh-resoiutlon phr;tographic emul mitn-on-glass slides (5(. Ti ") "
patterns were oriented with the gap up, down, right, or left, at random. Targets were



presented for 3 seconds duration in all tests, except for the accommodative flexibility
test where exposure time was the experimental variable. The background screen illum±-
nation level was 343 cd/m2 (100 foot Lamberts), and the high intensity qlare condition
was approximately 3000 cd/m2. The high and low contrast targets were 100% and 10%
target-to-backyround ratio, respectively. The accommodative flexibility test required
the subject to read targets at a far distance of 5.5 m, then at a near distance of 0.47 m.
The other automated tests in this study involved a far observing distance of 5.5 m.

PROCEDURE

Five vision tests which included a response time measure were selected from the
extensive Vision Test Battery series for this analysis. The five tests are summarized
in Table 1. The test code names are used in all subsequent tables. The various types
of tests involve different task complexities. The spot detection test (SPOT) is the
simplest task (two response choices, one judgment to reply), the acuity tests (ACGP,
ACLO, GLAR) are more complex (four choices, one judgment) and the accommodative Y
flexibility test (FLEX) involves the most complex task (four choices, two judgments).

After the presentation of a fixation pattern, the target images of Landolt "C"
rings or spots were presented. The subject was required to respond manually with a
four-choice lever indicating either gap orientation or yes-no detection of the spot. The
subject's response time was measured from the onset of the stimulus target to his response.
For each test, 10 practice trials were given, followed by 40 ol- more test trials.

A modified staircase (von Bekesy) psychophysical testing procedures with forced-
choice response was employed. The difficulty of successive test trials was increased
until the subject gave an incocrect response; then difficulty was decreased until a
Correct response was given (which determined the first threshold); difficulty was then
increased again until the next error, and so forth. In the acuity tests, the Landolt
"C" was reduceJ in size on each trial, as long as the gap orientation response was correct.
In the spot detection test, the subject reported "yes" or "no" for detection at each
trial while target sizes were reduced or increased appropriately. For the accommodative
flexibility test, two Landolt "C" targets (gap size ý two minutes of arc) displayed
simultaneously, one at far and one at neax observation distanice. Target presentation A
time was reduced for each trial, as long as the subject gave correct responses for both

S targets. Since subjects had to make two responses, and since the threshold was
determined by the second response, response times were longer in this test than in
other tests. Por all five tests, one threshold ",aluc eas thu average ot tfe target size
(or time) reported inicorrectly and the size (or time) reported correctly. The mean of
ten such threshold values was taken as the test threshold (T) score.

S 4 ~RESPONS5 TIIME ANALYSIS

In typical response time studies, anallr is performed on error-free or correct
response data to an above-threshold stimulus of constant size, intensity, or duration.

Data using the same size target will usually remair! relatively stable acrosa trials,
or decrease slightly with practice. An incorrect judgm, at can be confounded by many
factors, not the least of which is the "guess" response required in the forced-choice
method when the terget is apparently not resolve'.... In effect, the rasponse time for
such a "guess" is the trme it takes to not reco[nize a target. Since one cannot assess
whether an error war due to perceptualogn-t-_ve-, or motor processes, the factors
contributing to response time are difficult to identify.

Unconfounded Response Time
"we At the beginning of each vision test, ten practice trials were given with target

stimuli that were easy to discriminate. Target sizes were not repeated. Individual

responses in these early trials were usually correct, so the associated response times... • ~Were probably not confounded greatly by changes in target size at this suprathresholJ .

level. Familiarity with the test procedure may have been a confounding variable (i.e.,
r response time may have been slow for subjects who had not yet mastered the task).
To obtain unconfounded response time data, three error-free practice trials were selected
for each test. These trials involved target sizes which every subject received after
some practice, and which were still well above the eventual threshold level. Since
i4-•tonse time data analysis normally requires many rrcre than three trials per condition
to obtain accurate means and indices of variability, this procedu.e can only be regarded
as a roug•h estimate of 'nconfounded res)onse time (UPT) for each test.

S"'I'hjne hold-Stresser] Response Tims

It. the staircase psychophysical procedure, the target size (or presentation time) is
de,:reVased until the threshold level is reached and an error response is gi .'-, ThE size
in then increased until a -orrect reaý,jj',se is given. In this ascending svt. n.nce, the
sizes of the two targets (i.e., the one with the last wrong response and to)e one with 1?

the firr co.,rect response) were avern.ged to give a threshold value. Ther,!fore, In the a
staIrcfae method, error trials are a necessary aspect of the thr(:shold determination

1-ri

•..4rj,

I'



Measures of response time near threshold, obtained using this procedure, are
confounded both by changing target sizes and by the presence cf error trials. As the
visual threshold level is approached, response time usually increases. Response times
associated with the corre,:t-response trials involved in computing a subject's threshold
values should provide a more reliable tesponae time measure for comparison of different
subjects. For each test, we identified the (incorrect-correct) trial pairs used to
establish the subject's threshold score. The response timtie was noted for the trial
in each pair which had the larger target and correct response. This was the time it'
took for the subject to respond to A target which he could "just see" correctly. Themnean of these 10 response time .t~L15e.A wag ;alculated and called the threshold -s tr-s-sed
response time (SRT).

Relevant questions about the response time data addressed in this report include:
Do URT and SRT vary with test complexity? Are URT and SRT values consistent across tests?
Are URT and SRT values correlated with one another? Hlow is response time related to
threshold for each test? Do response time variables enhance the ability to predict air-
to-air visual target detection performance?

PERFORMANCE MEASURE

The air-to-air visual target detection performance of the 73 pilots was determined
from data obtained at the Tactical Air Combat Training System (TACTS) range at NAS Oceana,
VA. The pilots were from seven operational squadrons undergoing air combat maneuver
(ACM) training at the TACTS range. During ACM, a pilot called "TALLY HO" over his radio
at the instant he gighted an adversa ry (target) aircraft. Telemetry data indicated the
"slact range" at thie inistant. Slant r-ange is the distance (in kilometers) separating
the observer and target aircraft, inclusive of any altitude separation. In this study, a
pilot's aver'age slant range score, based ort up to 30 "TALLY HO" calls during ACM, wai;
used as the Tieasure of his air-to-air visual target detection performance,

VC
R.ESULTS

The 73 pilor.e sighted target aircraft at an average slant range distance of 8.78
kit (std. dav. - 2,45; range - 3.5 to 14.1). Two pilot subaroups wer• distinguished,
Sbas.g. on the whole group's average slant range score of 8.78 kim. Thc "above-average"
subgroup of pilots saw target aircraft at an average distance greater than 8.78 km,
and the "below-average" subgroup of pilots saw target aircraft at an average distance f
less than 8.79 kin,

Threshold means and standard deviations for visual acuity tests increased with
.ivcreased contrast difference and with the addition of glare (see Table 2). The mean
value of .402 minutes vt.:ual angle (mva) (better than 20/10 Snellen) for the high
contrast acuity test demonstrates the excellent vision of these subjects. in all five
vision tests, the mean unconfounded response time (URT) was less than the mean threshold-
stressed response time (SRT) across all pilots, and for both pilot subgroups. This
difference is basically attributable to differences in target rize. The URT's increased
(became slower) as task complexity increased (see Tables 1 an') 2). The shortest mean
URT Was for the spot detection test (two choices, one judgment), and the longest mean
URT was for the accommodative flexibility test (four choices, two judgments). A similar
trend held for the SRT's. For all five tests, the mean threshold (T) for the "above-
avterage" subgroup is slightly better (smaller) than for the "below-average" subgroup.
Xdividual s-tests parformed on all threshold (T'), unconfvunided response time (URT),
and th•rhold-stressed response time (SRIT) variables indicated no significant diffezcnces
(P >.05) between the "above-average" and "below-cverage" pilots.

Analysis of rf.spoin time inter-correle,x)<,s permits determination of the4 consistency of response time vari-ables acroso subjects and across tests (Tables I andS~~4). Of 25 possible inter-cor'relations between unconfounded (UP't) and threshold-stressed "t:

(Swl) response timeas, only five (20%) were significant (P ' .05), four of the five
correlations were for ORT and SRT values from the- same vision test. Thus, 19 of the
2G cross-test URT-SRT correlations were not significant, indicating poor cross-testconsistency between these vaxiables. While unconfounded response time (URT) showed better
cr2sc-tert consistency (605, of the URT-URT inter-correlations were significant, at P <.05),

thresholi--st-eased response time ISkT) showed the greatest consistency among tests (80%of the. SRT-SRT in tez-correlatlons were significant, all at P ,.005J, The two non-e .,/
siunilicant SRT-SRT inter-coire]atIons both involved the accommoeotive flexibility test,
which presented subjects with the most complex task. This analysis suggests that
t.hreshold-stressed re~pono time (SRT) has the greatest cross-test consistency, and
hence Cott SR1T might be the more useful response time measure for predicting pilot
performance.

For all 72 pilots, the threshold and threshold-arressed response time for the high
(P, ,05) with air-to-at; vi*±u. target detection performance, as measured by slant range Mk.•_ ,

(Tables 4 and 5). ACHI-T was negatively correlated (r - -. 250) with slant range ýi.e., .,
lower threshold, longer slant range distance), and ACHI-SRT was poaltively correlated I , ,_
(r - .226) with slat range (i.e., longer responpa time, longer slant Lange distance). L-
Interefstingly, ali five vision test thresholds (1's) were negatively correlated with their
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companion threshold-stressed response times (SRT's), with four of the five correlations
being significant at (P < .05) or better. (The FLEX-T versus ELF.X-SRT correlation was
not significant.) Thus, pilots with better (= lower) visual threshold scores had
slower (= longer) response times.

Four of the five vision test thresholds tT's) and ACHI-SRT, were significantly cor-
related (P c.05) with pilot age, and all but one of these variables were correlated
significantly with flying experience (Table 5). Older pilots had higher thresholds
on all five vision tests. However, neither age nor flying experience were significantly
correlated with air-to-air visual target detection performanc,Ž, as measured by raw slant
range data. Also, the poorest high-contrast acuity value for any pilot was .72 mva
(better than 20/15 Snellen) , which indicates that all pilots had excellent vision,
regardless of age.

Stepwise multiple regression analysis (Table 6) revealed that res onse time variables
improved the ability to predict air-to-air visual target detection Teormance, as
measured by slant range. Regardless of whether all.pilots or the performance-defined
pilot subgroups were considered, a higher adjusted R-squared value was obtained when
response time variables were made available for entry into the model, than when they
Were not. (The adjusted R-squared value compensates for inflation in R-squared associated
with the proportion of variables entering the model, to the number of observations) The Vh
ability to predict performance of ali pilots was rather low (Adj. R-squared = .12).
However, about 32% of the variance (Adj. R-squared = .32) in performance of "above-
average" pilots could be accounted for when response time variables were available for
entry into the model. Furthermore, for 'below-average" pilots, response time variablesby themselves accounted for mr,)re of the variance in performance (Adj. R-squared = 20)
than did threshold variables by themselves (Adj. R-squared = .06).

DISCUSSION

In all tests, threshold-stressed response time (SRT) was slower than unuonfoundad
"response time (URT) due to the difficulty of seeing the critical target characteristicsSnear visual threshold (See Table 2). Tbreshold-stress-ed response times showed beýtter

cross-test consistency than unconfounded response times. The lower cross-test consistency
of URT values could be due to greater variation in this measure resulting from its hving e
a mean of only three response time values for each subject. Also, because different
sunjects had different visual threshold levels, the degree of difficulty invotved in
seeing the three target sizes used to obtain URT values varied among subjects. Tr.e
factors responsible for the sionifinant positive correlation between slant rangc atld
ACIII-SKT (i.e., pilots with slower response time score•s see target aircraft at longer
distances) are unclear. All five SRT variables were positively correlated with the
subject's slant range, and negatively correlated with their companion threshold (T)
variable. Thus the positive correlation between ACHI-SUT and slant range may indicate
only an indirect relationship, whose existence is due to a direct negative relationship
between ACHI-T and slant range (lower threshold, longer slant range). It is difficult
to imagine how ACHI-SRT could have a direct positive relationship with slant range.

This analysis shows that inclusion of response time variables along wilt, threshold
variables increases the ability to predict air-to-air visual target detection performance.
The predictive power for "above-average" pilots is greater than for "below-average"
pilots, but it is not clear why this is so. "Above-average' pilots may be responding
closer to their neurosensory limits than "below-average" pilots.

When all 73 pilots are considered, the ability to preadict perrormance from these
vision test results alone is rather low, but may be improved in several ways. First," " :•average slant range is a crude measure of performance. Tayget visibility is known to

be influenced by many "actors, such as target angular size, angular velocity, contrast,
cloud uondltions, rtc. A more refined performance measure incorporating additional
information collected at each sighting should yield a clearer relationship between .
performance and vision test results. Analyses are now being completed of telemetry data
on 56 target and observer aircraft parameters for 759 ACM engagements i•volving Navy
pilots, Second, incorporation of data from other types of vision tests should provide
measures of task-relevant aspects of visual skill not treated in this report. The VTB• series also included tests of lateral movement detection, contrast sensitivity, dynamic
visual acuity, and dark focus. More of the variance in slant range is accounted for
when data from these vision tests are available for entry into a multiple regression

moe.Finally, introducing a more accurate measure oif a pilot's unconfounded response
time (URT) may improve the ability tv predict performanuz,

It seems clear that: a more systematic' examination of response time as a predictor
of air-to-air visual target detection performance is warranted.

A, . I/ ..

S. . . . . . . . . . . .. . . .I. " .n• • • • _ . . . . . - . . . . . . . . . . . . . . . . .
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TABLE 1, SUMMARY OF VISION TEST CONDITIONS.

Test Code Target Response Number of
Name Choices Judgments

Spot Detection, high STN
contrast "SPOT" Spot Yes, No 1 -

Acuity, high contrast "ACHI" Landolt "C" Up, Down, Right,
ring Left 1

Acuity, low contrast "ACLO" Landolt "C" Up, Down, Right,
ring Left 1

Acuity, low contrast, "G0AR" Landolt "C" Up, Down, Right,
with glare ring Left 1

Accommudativf Flexibil- "FLEX' Landolt "C" Up, Down, Right,
ity, high contrast, far- ring (at far Left
to-near distarne and near) 2

TABLE 2. SUMMARY STATISTICS FOR THRESHOLD AND RESPONSE TIME DATA
FOR 73 NAVY PILOTS AND TWO PERFORMANCE-DEPTNF.D SUB(ROUPS

ALL PILOTS (N = 73) ABOVE-AVERAGE BELOW AVERAGE

PILOTS (N = 35) PILOTS (N = 38)
VARIABLE MEAN STD. DEV. MEAN STD. DEV. MEAN STD. DEV.

SPOT - T .446 .077 .431 .077 .460 .076
- URT 496 .164 .497 .163 .494 .166
- SRT .1.068 .277 1.094 .290 1.044 .266

ACHI - T .402 .073 .388 .054 .416 .080
- URT .884 .241 .898 .263 .871 .221
- SRT 1.400 .388 1.449 .357 1.355 .415

P CLO - T .763 .151 .5157 .133 .769 .168
- URT .933 .315 .940 .323 .926 .311
- SRT 1.672 .533 1.734 .539 1.615 .528

{GLAR - T .98k .244 ý965 .228 .99"7 .260
": -URT .842 .282 .835 .289 .848 .278

•--"-SET 1.746 .557 1.753 .453 1.740 -644

SFLEX - T .280 .094 .265 .047 .294 .121
S- URT 1.191 .276 1.175 .246 1.206 .303
:.- SRT 1.499 .427 1.502 .371 1.496 .477

All response times (tRT, SRT) and FLEX-T in seconds.
All other thresholds (SPOT-T, ACHI-T, ACLO-T, GLAR-T) in minutes of visual angle.

,V:..1 9
: :9_• -••
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TABLE 3. CORRELATION MATRIX FOR RESPONSE TIME VARIABLES AND AIR-TO-AIR TARGET
DETECTION PERFORMANCE (SLANT RANGE) FOR 73 NAVY PILOTS

VARIABLE SPOT SPOT ACFI ACHI ACLO ACLO GLAR GLPR FLEX FLEX SLANT
URT SRT URT SRT URT SRT URT SRT URT SRT RANGE

SP.T-URT .279 .241 .223 .248 .211 .331 .211 .161 .087 -. 028
** ** **

SPOT-SRT - - .132 .333 -. 013 .473 .036 .409 .108 .161 .129
** ** *

ACHI-URT - - - .408 .428 .276 .102 .087 -. 011 .002 .076

A** ** *
ACHI-SRT - .205 .684 -.039 .361 -,021 .182 .226

, **

ACLO-URT - . .- . .247 .336 -. 060 .048 -. 022 .029
,* **

ACLO-SRT . ..- .124 .463 .109 .354 .171

GLAR-URT . . .- - .101 .333 .043 .020

GLAR--SRT - -- -. .200 .392 .015

-FL-X-URT . .. - .479 .083

1FLEX-SRT . . .-. .128

SLANT RANGE - . . .. .

1*= , <.05
** Po <A.On5 LI,

TABLE 4. SUMMARY OF RESPONSE TIME INTER-CORRELATIONS IN TABLE 3.

TYPES 01 RESPONSE TIME VARIABLES COMPARED

i nURT-URT URT-SRT SRT-SRT

Nui,,bei of Coi Leiatjorr L No4ii Significant, P >.05 4 02 ,

Number of Correlations I
Significant, P <.05 6 5 8

Total Number of Correlations 10 25 10

Percent of Correlations
Significant, P <.05 60% 20% 80%

SiI
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TABLE 5. CORRELATION MATRIX FOR THRESHOLD AND THRESHOLD-STRESSED RESPONSE TINE VARIABLES,
PERFORMANCE (SLANT RANGE), AGE, AND EXPERIENCE (TOTAL FLYING HOURS)

FOR 73 NAVY PILOTS

VARIABLE SPOT SPOT ACHI ACHI ACLO ACLO GLAR CLAR FLEX FLEX SLANT AGE EXPERI-

T SRT T SRT T SRI I SRT T SRT RANGE ENCE

* *t* *t* ** *

SPOT-T -. 229 .423 -. 077 .506 -. 013 .509 -.110 .140 -. 031 -. 177 .275 .194

SPOT-SRT - - -. 022 .333 .021 .413 -. 143 .409 -. 088 .161 .129 -.132 -.126

ACHT-T - . . -.398 .670 -,124 .387 -. 083 .247 -. 189 -. 250 .210 .212

ACHI-SRT -.- -. 335 .684 -. 233 .361 -. 247 .182 .226 -. 295 -. 307

ACLO-T . . .. .-. 241 .706 -. 217 .117 -. 195 -. 016 .291 .277

ACLO-SRT - .. ..- .075 .463 -. 156 .354 .171 -. 144 -. 189

GLAR-T - .. .-- - -. 319 .174 -. 155 .043 .383 .334

GLAR .-SRT - - - -.- .021 .392 .015 -. 128 -. 098

FLEX-T - .. -- -. 032 -. 074 .449 .311

FLEX.-SET -. .. -- .128 -. 025 .025

SLANT
RANGE - .. .. . .058 .037

AGE --- .819

'I EXPERI-
ENCE

* = P <.05
** P c.005

! TABLL 6. VISION TEST VARIABLES ENTERING PREDICTIVE MODEL OF PERFORMANCE (SLANT
RANGE), FOR DIFFERENT COMBINATIONS OF SUBJECTS AND VARIABLES.

TYPES OF VISION VARIABLES AVAILABLE FOR ENTRY

SUBJECT GROUP THRESHOLDS ONLY THRESHOLDS AND RESPONSE
RESPONSE TIMES TIMES ONLY

All Pilots ACHT-T ACHI-T ACHI-SRT

(a - 73) ACLO-T ACLO-T
ACLO-SRT Adj. R 2=.04SAdj. R2= 08 SPOT-T

Adj. R2=. 12

Above-Average FLEX-T ACHI-SRT ACHI-SRT
Pilots GLAR-T GLAR-T GLAR-SRT

(n = 35) ACHI-T FLEX-T 2

2 SPOT-T Adj. R 2 3.JAdj. R2=,17 Ad.i=.3
SA d j . R 2 = 3 2

Delow-Averacgn FIFX-T FLSX-URT 'LEX-URT
Pilots SPOT-URT SeOT-URT

d(n 3) Aj. R U=.06 2) 29Adj. R 2=. 20 Adj. RI .20

P <.15 for entry and retention in the model.
Variables are listed in order of entry for each model.

f
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DISCUSSION OF SESSION TV - MEDICAL ,(El,',CTION: VISION ASPECrTS

(Paeqrs 35, 36, 37, 38 and 391)

DRt ZWICK (US)

I have a questinn for Dr Santucci. Whon Ciabuirg did his contrnst sensitivity testq he also ran some tests

correlating contrast sensitivity with performance in fighter aircraft. ilave y"": run similar tests/correlations?

AUTHIOR'S REPLY (MED EN CtIEF SANTUCCI (FR))

No, we have not undertaken tests of the kind which Pr Gir,.alerg performed.

DR SALLAVANTI (US)

I'm from the Gentex Corporation, US. I have a question for Dr BMennan. You showed a slide of a hazed
visor and in earlier remarks you indicated that you had seen or been aware of small cracks or fissure like
deficiennies which you felt were associated with ballistic fractures in visors. Would you care to comment on
that please?

AUTHIOR'S, REPIAY (DR BRENNAN (UK))

Yes, our visors are currently uncoated because of this problem. When they are hard costed, hreaks can
propagate from small fractures. I'd be very interested to hear your views on what sort of coating should be
used or if its possible to change the polycarbonate substrate in any way to prevent this propagation.

DR SALLAVANTI (US)

It has been known for some time that coating polyearbonate (which is not a compound but a miyture, and
being polymeric can he compounded in a number of ways) affects its i1ttinaite ballistic properties. When one
coats polycarbonate with a silicone cooaing, an acrylic coating or a urethane coating that is either therinaly,

* ultra violet or electron beam cured you cause alterations that exacerbate soene of the stresses that are duo
. te injection moulding. It is often along these lines that ballistic (fractures occur. I would suggest that you

should look at some of tie newer coatings which are not silicone derivatives. These continns are more
P flexible, they lend abrnirn resistance to the polycarbonate, and they do not cause the degradation associated

with qilicone onpts. The degralation in ballistic p:op-•rtics with rinrd• !ilicon coatings cnn be .1s nuIch ,as 15%

or 2"1% which still pianes the coaled polycarbonate well above optical resins such as CR39. However, a more
flexible coating produces virtually no degradation in ballistic properties.

AUT1'OR'S REPLY (DR BRENNAN (UK))

I take the point but does the more flexible coating you are suggesting proeide goo,: resistance against
abrasion and eat you assure one thai it has no effect, for example, on the 'mmo,e:t '" inherent haze in the
material? And thirdly, using another approach, can you in any way change the suuostrate to prevent fracturing
occurring with the harder coats?

DIR SALLAVA'iTI (US)

Well, to answer the second part first. Yes one can change the substrate within polycarhonate. There is a

number of commercially available high performance resins that ensure optimal ballistic performance in the
coated state. In terms of the softer coating, we have not experienced any haze problerni over A 2 year
period of use - the TS MIT, spoc stundordg. nrc ad.qiuntely net. Our tests for abrasion tend to he

± quantitative inn terms of judging what the haze after A test is done. Some of these tests are passed by the
more flexible coatings and some are not; the more rigorous ones will not be met.

LT COL GRAY (CA)

I have a question for Dr Brennan. I was intrigued by your suggestion that we eliminate pilot candidates with

tny degrec of myopia whatsoever and only allow people who are nmetropic or slightly hyperrnetropir into pilot
training. I wonder if you have any idea what percenta~ge of RAF rcandidates that might elimnnate? I know' in
our system in people who have already benii screened at A basic recruiting centre level we would still m -
probably find 25-30% who arc slightly rnyvopoi. The corolliry to that question is I wonder what evidence you
would be Able to p, mt forth to itustif'y elliminat~tir al mnyopias? One of, the problemis we encounter now, And I'm-'
net sure what other countries are having the sarne problem, is jiutifying our present standnrds in the face of

otr new human rights legislation. Candidates are asking more and more what evidence we have to justify any
sort of standards, including OUT visual standnrdR.

AUTldOR'S aleoP,Y (DR BRENNAN (Ms)y e

In response to vynr first uniestion, I cannot give you figures on the proportion of candidates who would be
excluded, I imagine these fegures could ne obra cueO r•,,t I cannot give them to you at the moment. I can tell
you, however, that currently 15% of our airrrew wear spectacles - mind yon a fair pereentnge of that 15%

are presbyopes, So I'm not sure of the proportion who are myopes but it would not be that large. In answer
to yr secondqueston, the reason I woulul wish to exehlrde mrepers is that myopia can be, in young men, -•

progressive. If we admit somebody with a quarter of a dioptre of myopia which produces minimal visual
rdegradation it may well be. that within 2 or 3 years time, when he has been through pilot training at vast•G"expense, lie will hanve to wear sper',ales. As I poninted out inmv paper, it istheir yet one more

"ernbnrrassnent to the pilot. Ills visual task is difficult enough without asking him to wear spectacles as well.
As regards human rights, I won't make any comments!

expeseliewillti~ towea spedacet.As poitedoutin y paerit s teii et ne air
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('O1, PRICE (US)

Just to confirm what T)r Brennan said. We did a survey where we looked at the ametropes who came into
Army aviation to see what happened to them over a I0 year period. Seven percent of the physiologically
ametropes developed myopia requiring correction. I think that finding is pretty consistent with other studies
which have been done. Our study showed that if you cut off selection at absolutelv no myopia, or insisted on
a small amount of hvpcropic you could reduce the proportion requiring spectacles to ahr,1, 1%, or 1-2%. If on
the other hand you accept people who are a quarter dioptre myopeos but physiologically don't require
correction, they are most likely to go on to develop myopia requiring correction.

DR LANDOLT (CA)

lDr Wolfe, to what extent are vou rising otolithic function tasts in your protocol because this is becoming
important not just for the high G effects but also because of the direct decoupling manoeuvring modes?

AUTHOR'S REPLY (DR WOLFE (US))

Yes, I agree that otolith function testing is important. We are not doi.t ,.,y posturegraphy. Dr Lou Naste.
on the West Coast has developed looking at the phase gain paramote,. )F a person standing in both a visual

environment and non visual environment. They seem to be very sensitive tests of otolith function. We haer.
not employed these tests at USAF SAM mainly because of lack of effort. We have been generating and

developing rotational tests and tracking tests. We should consider I suggest how many of these tests can yOU
meaningfully do on a normel individulal, Fariy in the astronnut programme the cnndidates underwent weeks and
weeks of testing. The Aerospace Medical Panel, which has the appropriate experts, could set up a proqgramme
to look at the testing of canal and otolith function. Postureogrephy is a valuable technique which I believe is

not being used clinically in any the military hospital oir laboratory. On the other hand the rotational testing
and tracking testing which we have developed at the School have been implemented in about 40 medical
eentres around the world. Brooks Air Force Base and Wilford Hall Hlospital are the ouIt two military

installations in the whole world that are evaluating their patients using these tests. Its the contrast

sensitivity/Snellen Chart kind of problem. The old time otoliryngologist thinks that there Is nothing better
than a good caloric. As we 'Kiow you can have normal calorics and abnormal rotational tests and you can "'

have normal rotational tests and an abnormal calorie test. So ideally you should perform both of these týsts
but it 'ould require 4-6 hours to evaluate one patient. I think that if you had to do one tent, your prohit is

well taken. With high performnnce pilots you should perform eophistiented otolith testinj. Sty resin point would
be "Is there a correlation between the overall oculomotor funotion and performance in a combat ervironment
situation - Is your ability to pereeive tile H-IUD and all these other things that are groing on related to both

- your canals and the oculomotor system?" In the case of the otolith test I think yon are looking more at
. damage and what is tire sadden G doing. 'Iwenty years ago we did a sturdy on the centrifuge. We found that

with only 3 G exposure, some of the subjects had positional rystagfnus for a week followingr the exrpesire.
This suggested that exposure to ti may well be doine somore damafe. I think a critical nuestion in tho case of
aircrew is, at what point is the fright environment inducing sorrue pathologly in these people who are
frequently disorientated. Now how much of thtat is due to end--o'gan dysfunction? I agree with yen, I think,
otolith tests should be looked at,

AIR CDItE tRNSTING (UK)

Has the United States Air Force introduced contrast sensitivity testing.' nto its airerew selection procedulrest?

COL GIBBONS (US)

At present it isn't a atendard test. It is being enanlurnttn by the ophthalurology branch at the School of

Aerospace Medicine to determine if it should he included.

CoL P1ItCE (us)

lias anyone introduced contrast sensitivity for, or at the time of, selection even for maintaining a datr, bsea"?

LT COL GRAY (CA) t

We are in the eridlt of eatuating controst sensitivity in termrs. of a data base. We are, however, not using it

-• i~for selection. We want to build up a data base of nornmAls. We certainly Intend to introduce it later. t,e

have used It in the few examples I showed this morning for detecting individurls who otherwise would hbve
slipped through the system - the young chap wh,', had optit neuritis and the other chap who had been '.ruslod

by orthokarotology. In these .wo oases it 'ys triced for selection but cnly because it undereoeri'd n ..
underlying conditioo.

DR FARR (US)

A question for Dr Gray followinp utp the eonver.satlon this morning. You stopped shor, of iderutifyiog a

criterion that might be used for c(ontrast sensitivity standards. From yeor sli(des I Inferrod that the criterion
might be something like the I t%/lIm% lirits of normal standards. Is that what yen hatd in mind Find, if so,
what kind of data sruJport that criterion?

i ILT COT, GRAY (CA)

"At this point those limit" are certalnly not Intended to be our selection n;ritorun. They were only to Indicrte •
the range of scatter of the datn we have collected so far. Before those Idnt o' limit are introd,,ced as a

screening or selection erlerlon; they will firrve to be correlated with other variables suc,-h as target dteel iorn,
or success In pilot trainivn. Certainly from our human rights point of view we would not be able to Intrrduce.
"an arbitrary test witho)t any sort of corre.lation with performarce. dats,

%/
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DR BRENNAN (lK)

So really vou arc considering constrast sensitivity testing as a net to catch pathology which mighiit otherwise
have escaped .detection?

t', COT, GRAY (CA)

Well At this point thatu" hw it has lbeen useful tO us. What we arc really dapinp, is building up F data hvs:e
of normal nirerew coandidates who are coming through th.- Central Medicnl noerd. We wi!l compare our data
hase with the few other populntion studies that have been done. With the intention, after we have pirformed
studies o<rrolating it ivit, perforn-ar.'e variables, of introducing it as a screening test. Right now the value it
has been to us is as a net to catnh those few candi,ates who hPd undiscovered eye p&thology.

lilt BRENNAN U0K)

Are Von postulating that il the future thet you will wish to use it to determine those airerew who could
ad'; perform well under high contrast conditions? Would you use it to select aircrew on that basis? Is that
vour ultimate intuntion?

LI' COt, GRAY (CA)

Yes it :F. We are c,"tainly intending to use it that way and also to help sort out candidates who are
borderline. A! you know, the error in performing a ,ycloplegic refraction to detect somebody, who is ametropic
is At ienst a quarter of a dioptre, Suppose we have a candidtte who has been examined by two different
ophthaheologists who have found a quarter and one half dioptre ametropia respectively. If Y'e have a standard

aof quarter din',, e (1o we iecopt or rele', hint? Another way of looking at his visual function such as
eortrrst ýncnsitivity might give uis unother factir in the equation to deciae whether he is acceptable or not.

liR BRENNAN (0ll

I rather dloutbt whether it wonld! I vould think the fact whether lie has a quarter, of a dioptre or a half of
.'a dioptre eowtropia night affect the highest Fpatial frequencies of the eonstrast sensitivity test which is
monitoring precisely wind the Snellen dots.

ilT COL GRAY (CA)

"Well, we have loceed a' the correlation betweer, our eycloplegi? refraetor and the contrast sensitivitie:; at all
the, sratia! freqluencies from I te 24 cycles nor dearee. There was no correlation between srpherioal equivalent

""nd cycloplogic refractor in, the pilot candidates who ore n1l ra:r., normal sighted and who hnve only a small
error because those with large,- errors have already been screened out. In individuals with refractive errors
hetveen plns onr.- dioptre and1 minus half a dioptre there war; no correlation even at 24 cycles ýper degree
between the zen.trast sensitivity and theUi; refrlactive state.

':9Tl• I3P, Ei;NAi4 (UK)

Syou paforin cycloplegie refractions as a routine? Do e; think this test on what is essentiallv an abnormal
eye, as the shape of the lIns is changed under cycloph.,,ih and th( ýupil is dilated you are getting spherical

- rror%: from the lens, periphery? You have got to do.3 post mn",'riatic. test ev•en if vou do a eycloplegie

reaction. Do you rea)ly think it worthwhile?

Lil•(OE C;RlAY (CA)

Well, I'mn not an ophthalmologist, I'm an internist. All I can Gay is that yet we rýerforni ootloplegie refraction
on everyone. I lihink almost everybody tones. Our standards are minus R aowirter dioptre of irvopin or spherical
equivalent. I think its something that youl have to do hut tiat it is a mistake, to use it aS "he only standard.
"It is one part of the overall examinirition.

I don't know what other countries do but we certainly don't use it! 2:
DR-. AINAVIS (No)

A (question to Dr S,! tuivo. I un~dersta i ' to~ Snotle itvoisr t is io A wyfi the, same as; the- high frequenie , h ighi
,ontrnst ptart of the cocntrnst screen. The faet that mvopes do not resolve the blue colour as Ainetropes do -

was this even in the corrected6 Ivcpie eye?: Is it something that persists eVast after spectacle correction?

".\tlTHOW'S REPlY (NEDt EN CIHEF SANTU'CCI (PRPl

The attenuation in the high spatial frequencies dues diseppoat whmi the myopia is !orreeted. Mention is made

of cot. senitivi. , I consder ttho contrast sensitivity should he stdied under d(yami, conditions as wmA
"1"' as static conditions before it is udopted as at new test. In our rescarch prograrnnit we are eollecting a hank

of at, ,'hich will ,ll,; vi. no rntebtlih the conl.rast niennitilit curve under (Jnemicr eonditionr with the

grating beirng shifted over to thie right or to the left at different Veeocitier.. Obviotrslv this test will

0cmpilrce3te- the examilontlon Hut of course thin task of the, pilot is to, detecrt targeots In motion aind not in
.stlike eoalitions. (Contra•t sensitivity proper is very inerestirrn but before it is adptted a' a test we shouldJ ,; explore this teehniqri further. Lw*k of Sensitivity to contras-t dorin;;: rooi io nf thb target is also of interest.

A. r, y(ll intending then to lie drifting fgrtings with thenr drifting at different spe ?
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AUTHOR'S REPLY (ME') EN CHI-F SANTU(.C'(I iF[0))

Absolutely. We do intend to use these type of gratinkg.

Col. P.ICE (us)

fir Monaco, I was wondering about tlhe lateral movement which was correlated with, I believe, t, faster
response time in cewr group of your pilots. Wonld you. explain just what you mean by lateral movement and
how you think that particular function is helping the pilot? I believe you said lateral movement to the right
vs, you presented it but when 9 read this I believe it said to the left.

A UfriOli'S REPLY (CDR MONtACO (US))

Our lateral movement test involves the movement of a fixed size spot, the anigiilr subtend of that spot at 6
ime,re distotce is approximately equivalent to a 20/40 letter. The way we measure lateral movement is the
asitljeot's response to the movement of that --pot. 1He has to determine whe'ther the spot is moving to the left
or :o the right. So he has a choice ef cithur direction. 'Thus in this test we measure the threattold sensitivity
to lateral movement to the left or right of c spot target both in the left and right direction simultaneously.
.he issue of sensitivity of movement of a target to the left or right eer gro in either direction. We can
justify a per*, h beizT more sensitive to A target that appears to move in a left to right direction because
"most of tis, at least in the United States, are used to rmading from left to right. An argument against that,
or if the target moves from right to left, would be that because we are used to .;elng objects nmove iron'
left to right when something moves from vight to left weý notice it more readily. That is tte way that the
ditta fall out; sometimes it goes left to right sometimes it goes right to left. We are introducing modifications
in our second series of test- which we hope wild provide us with a'f answer to this question.

C (O1, GIBBONS (US)

When you rediewed the variables you indicate4 Vint target image size and low contrast acuity were variables
tiut coo-itribirted to detection. Both of those rrflect, If you us, Snellen neulty to masure them, the vitun!

nngle or resol.-ing power or the eye. If this is the ese then when w2 look at contrast sensitivity curvey.
could we not be getting the siame thing if we use r, eontrast testing technique with a Snellen acuity target
as opposed to the contrast sernsitivity c•helique with the gorading bars that they use?

AUTHOR'S IREPLY (CDlt MONACO (US))

SYes, I think thet that is true. We can relate that s.ame idea to measurm-,nts of dumamle vistIual acuity fot
exIARple. It has been sluggested that inltRes of using Landolt Cs or ton:blng Es thit bars of varsing upatint

I frequentty eei be used to do the sam 'thing. T thitik that the unique o'tnracter of a ir targets is whei has
4 ellowed us to ferret out the dtstimretkn between low ecntrasit entity end high contrest acuity. I don't think

that we would have been so successful If tie didn't have finely tonginered projection targets and tie very
high quality entrol of thosK targets. but yes I think its. "very possible to reint: oontrart sepsitlvitv in terms
-: spimt(al frequencies to varying widt'is f the gap on Landolt Cs, Rt is somethilsz that wo hooe we will he
one L, curriaiet with our contrast s.lnsltivity data when we have an vdequate seamplh size. T7e test that we

lire isitng is very similar to the one that Dr Grny described in his paper.

r '•' E ]) Eg AIEF. S'ANT'UCC'I ')

First o allE N wish to !onPrratulate Dr itonaco for this e.cellcnt work. In eosrtluler I think that the PC sense

time is an important measure because v-a can ,dharaeterise the pilot wlth that test. This study . the.
neginnlnf, of what we can call at n•teg'ated test, taking aceao-it of and eategori.'gIg tiot oc v the

- :, porfo-,amiice of tWe vix'al sensor but also the dmtj pricessiig and the decislon taking proeesrt,.. I -. vou

envis•gi creatir,• new tests with different eatergorfeha r.f colotur simulation? In that ease would vou eiTvisage
m ineasuring either the rmau:al responrse or the. veroal response, ising the vocal o,'ialand, of course, whicl ao
going to be used more and more In combat aireraft.

.UTIO•.S )IPI'tY (CDR MONACO (UM)) "

"(lInitial portion of reply not recorded)

I thimk that the benefit of being in the opewritlor(ial envIronment anti testl', these pe,iple ;n idtf is thirt yet:
thavz, tie oppertunity to hearr' aore about what they do whit-it I think is ibsoiuitelv csrentapl. You have -, he
chbic In) talk their latiguage en(f you have to be ahbe to transslate what they are seavng ito meaningful

" relntiorships that they can "ndcr,4snd and u.e,.

S • . )OR AINAFS (NO)

'Dr Alonteo, I wit initerested in lie very high visual aeuity means that these people ;Ad, Pon't you have anvI sub population of spetetnle wearers? 5omebcd'5 fiurt'er down on the f 'ange that you could test and com(=pare
& 1 ruith these people who fly to magrlficently?

AUTHOR'S REel,'.' (tCO MONACO G 't))

go= we do have dnto from s1wcltale wearor,, but not Ila thus stui;y I reported in rev lpaer, In order to get
the text battery ready for use at the rarng;e we had to test large Croups of people. We lhav data fromn
nearly 2!0 subjects who varied not only It' vl',:al acuity capabilIties but aiso In terms of amplitude of

I accommodation. The population of people. that w" used in our latoratory test had ages ranging from 211 to, .1
think, aruoroxlmatels 70 yarns of nge. S•. y'qs, wS 0c, have thet data.

.71



40-1

CO.LONNE VSRIhREALE a SELECTION LT APTAWIUDE AiRS
* FILMTS -D'IAV±vN DE COJIAT 1,11 NOTCH

F.J. IIETOESO, J. PitaAEA!1'*, R. ADYPRE*-*, H.P. uiiiAHAY-E0**4
A, VIEIL±.PONfl'

*Pr'ifossour A 1' Ecolo d'hpplicaticn dui Service do Santd pour
l1'carmd do lPAir, Chef dui Service do nadiologie do 11 1ldpiteal
d'Xnptructlon does iAhcas Bzad, 6y Avenue do Farie-Y416O SA±N! fikvR-
PRŽOCE.
Zl ~ietroradiologiote doe Edpttaux d',e Armdoe, mime adreose
96 ddocin Gdn~ral, Dirocteur du Syoxv~ C6idi SantC do i& 3' Edgion Afieinne
33998 BORDEAUX AitNEES-
W~**Ndecin G-6ndral ±nsepotoi'r. Dtrec tour du Saurvce do Santd do Is
1* Edgkon Adrienne .t do la Puree Adrienne Taotique- KETIS
Profeoeeur h 11 Eoolo d'Applioation du Service do Sant4 pour l'Armeo
do l'Air, Mddec~n. Chef du LAfK$,, Centre d'Ensia on Vol -. DstýtGO1-

RSSUVZ v Aso nouvelleu 5dnd~raciono d'avione do combat se caractdrir~ent dui puint do rue voz'tdbra±
par 2a poesibtlit6 i'atteindro does ocagidrationo, rortee, inutantandue pmt durables,

-:our Acnw'r alar piiobuos dea bosdibilitda optimaslee d'inforuation vioiollo, Io rachis
cetrviral, nonbervo ja mobiiitd at dovirit vuindrabio dans aertainoc circonnetances. Dos.
lidione o'ytarAtiZnoe peuvnnt ourvonir on Vol our co eeogwent, 'jour prdventioo. pour assurer
I itmcuvtalt a4r.onno rot en iou 3 dlduento I

I4 - X wletion rigoureuro, boade ontro intro on France our l'erpioration radtocliiriqno
dui raohie at 1'applicmttlon A )'admierion dui otandard.Vaptitude doe piloto. 4'arlonn die
combat aicc dve anapkatione sininoc.
- lee progrbs tochniquce pcortant par example eur i'allbgoment dui cauqueA
- JlontrL~niment phyoiipe impdzetif comma* ue bonne hygiiino do via. Cot ontzrainataert
dolt Sty, huiruonieur, raiconnablo at non inutiliomont perfvi7.tiaarnieto poux Stro rdgullb.I

liopuim do noiibreuseo Amhono, Ion candidate an pereonnel navigant do It irm6. do i'Air frangalee
eubimseont tame orplovadvon rad~iociiniqua do Is. oo~onne vortdbrale lore do i'ox~artise d'a.5m1eeton.
Quite eon aepeot *~ddicc-Ugal, eon principal inthrit out d'd2.iminer lea candidate porteura Afano-
na'ie (in do lidoico ouacopti~ble d'Stre agravdr Pa.r le Vol it ou do rnettre en cause la e4ourlLA doe
vole. ii cnu~iiant ae i'ourrir 44t corandemen;ý doe candidate-pilotoe qul aierot Ie maximum do chance
de conoerver lour altitudo durant Is dutA. do lour carribro,
£48o otandardj d'aptitudo sent adeaptde aux exitgonuc d-a pilctaeo doe prinolpaux typesg d'adronate
ot an partkculior tux avion. do combat. k,& Me* on service on ,anoc~ d'une nouvotles atudration

d'evicne do combxt cummn Is M~IQEG 2000, dolt-mile a'aocompngste d'une protondo modification doe
entrainemert phyesique pirtiiuuior ?

L'"LX~t UrIa (ThiflQURC DU SAODIS LOUS DR L'flMflflS D'flZMhSIOV.

Youi$ coumnatsocnsevmo but, oxasinone Pon modaijido. F
L'EXAMEN CLtUIQ6UF apprdcie ontre antre la tatitque done Ana dou% pians, It. musoulazure,

l'asiitxade, is vn)plosee at l'indolan~oo dies mouvomante dui wiehlds.

- Bot des cliouhda d oceebmpfaed *t uro~fil an~ 0  t paatoeL tidopofl npoito

&bout, r'eet A dire (3 oliobio av. total avoo l'uncidonoo TheaJied, & Is, oharni~re oorvJiOo-occ.pi-
tale at loablo-sncrov,.

LMPIX;CUEZS DR PRISS DI DECISION PAR L'X PERBT.
Lormqt'SX1 diaourra tans aicalLa etatique, fonotionnello, morphulogirmua ou nrganiquo, ii dolt
so poser pludioure question. I

1__ ~ - Cettv ancmal.ia mat-elle to come. I& rAmietonna Sqt staohle aux agressojog A4A vol en partica-
9 ~~1.1cr lore do I 4ji1totion4 ? d etd ~ 4arnuiu tca.urpr eft

- Peut-olle No dhooaponoor dufi o1ACiviti iantqea osiurprsaoft
ecoonduirum us facteur dialnuant 1Li sdcnflt6 den vole 7?i.

La rdponne A corno questions Wn'ot pie trujours facile. En cam@ do eouto, Al -rant maex its. riflxit-I waits & l'adMieotouX.

LES CAUVRS D'IEAPTITUDH.

11 eviaol, does cWnoes dinatitude soommuate toun lox omplici do pilot.. Co &ant ion affqcticnm g
A~vniutivoe do trype tumaral, infectiqux, inflauaatc.iref et lout edquelle. La quasel tctalilb 4oe
alquellee poet traumatiquea at lee snomallee cong.4nitaloo coapiexem Pont illiabnatotrea. U11 tau't siuoalOr do. causer, d'Jruptitudo opdcil:ýquD au pilotegov don aviune do combat.
Lee itudos elimiqaaoa et phyliopatholngiquas moutratrt qu'il existo un segment rachidin ocritique '

purtbouliot auz pilotes dlavlooA do combat. 11 in'Aglt du raoble dewedl at do i& Joaotion derec-
loubtire ( diection).

'11Lee troubloc do i.t etatique pevveet rovorseor 20, obonb. I 'djantion. It tableau vunbent *

rdufisn ddcieione,

t L ~



C0)NS T AT ATI0N DECISION

Scolise drso- Angle do soolisec infdriour cii
' abi.m :_dgalc It 15' APTE

* s Angle do ocolicee oupdrifur & 1,' IMAM'E

35 etpoc doral Angi ompe do yphomo indiru N5APTE eo

sAnglo do cyphocs oapirieenra & PT oa* I

TRJUBLE5 DS Lk STAT-QUE VERTEBRALS

Lea a4qoelles d'dptphvrnoue do cnciucanoe Lout olasadem en dogr6.
-d.&qrd ftatle a on vots !a 1-rdaeaoe do potitem irrdgularitdo ot -,.n teuiVotage dons platna&ur

'vertdbrauiA Avon aucoohe do 8CHMQRL sane modification ie is1t morphologic gdndrale don vortbbr~o
at do It atatiqiies

-1: 80grd mo 1 sý wi mt. .l e gaotidormation oundiforee Mt'4?fouro dane wortibre icolde cii
szaccid. At=l aut'rfl sance glie particuiibreoent avea don scoochee localies.a toe platoonx atI Iaun pinciaa.nt d'eapaoe intarvortdbral.

-degrd fort s Is tifurmtton ointiftormo antdricaurc Intircom. pluo d'une 'rcrtbro aeeooido
nutX aUtrVe 1467.10 Ot & 111L rotentiememevt cur I. otatilue vertdbrlei.
Ls tkableau, aujyatit rioume lIii d6oioionu priaon.

C0NS 6 kT A T IA OU10 DECISION

dI p ph s d o I NA T

SEQOELLES D'EPIPrtBOSE PS CROISIIAICE

ZT IRACJWCAIIE DE MODIPIER 41SADnDATIUEDSVLT D'AYXOUS DE COMBAT?
Lsdoandee du yrobl&m..

Lsountraintem duc paset do travail a lce avionc do combat do Is. nouvello gdn~dratton at
on partioUilor le Miraga 20CC #-acoaractdriqrnt. entro autre -par lour aptitnde & " viner " ocurt.
Ile ouxemttant. le pilote & dos acodidrationo de 8 k 9 G pendan't pinatsear Aisaines do aocondse
Avfo does tropo d~inntalation do celloc-ci do Vcrdrir do !a seconds. Los nonvdquecno our itL
rachisona t tdfl7*rntoe mel%7n quo i'on cenwidbre 19 immv dra t 1%junction loau obaire
ota te Regmatnt oorviotl.
Le vachia dcorru lombaireolot cet & dr. 1o trfjtl bion cans)

1 at bien c',utonu par Ic doecior du sihgo
4Soota1b1G 4ut crn zaau.n 46 aupporTtar "a aco4ldra~lnuno. ire rtgtofrit 4iorr~i i ets! junction during
lr~mbaired4.*aru?.nt critiques lure d~une dvrontuoele djecticn.

L* achm iftvJo&Inobdndticie psi d'appni ocoestant pouir consor-sr & 1I& t~te uric mobili td ndoe-
atticeI I&i prime des informations vicuellem. Ce mogasut teierent critlqlmi.

*Anatomic dii reahs so~rvicol a ii c'agit d'un eapibcosnt do segmonts ceceux unitatlst 0.4
potitv tollie, mobiles is. unw par rapport Aux -t~rt~s, Lea vcrt~bros conrioales cent artiouldee
oa(Uo 6c100 et ice Aldaa2nton ajacoito ant~rtouro et porotdrtous~r cent rcapeotilvowunt rdurnie entre 9
euar: par dan elhmoente fibroligautentaircs 'siL uosurcat un fr.insge pasoif 6L des mouvcutaats oforjplezcs

qui earnt hre o gndo uovltud ( fexin, xtenelis)i fioriot, lat~ralo, rotation at lea.e
ocmbiuaouios powstewc), LA destructionY &oi Proin* vat on danger Ia otpdlitE 6t e c egment rechi-
eibia et par conedjuout Tv. mocJlu at Ito nerfe .tchileJrno do 11dtage cervical.if j L& ouoocisgion des Articuuiatiooo divan rimatiquca antbrinvteo pout Stro aeeialdol~ & trie cclcnny
purtctutA ra1cm quo lou artionutitt'no interapnphycairgc pvovte-rl-nren potitec ot fregices psuvont
I4tro aosaialAin A, due tooionol-tot 0irectrlcoo.f,
La auuoulaturc dui cou, cyotbme do haubarwgc acttf1'iesoure )cL enbilit& dol Is. itc, )o ieetirstien dcc
Attitude,. '-o vornouilogo duc cou e~t dri it& IOte do ýon! tior 4,- ntad'ili L#.

fEn nJoINe, 1.a mobilidA .ie It ?;Ll0n.lh cervcloair pormart 1'ob'tJC--t~rz,r pzflom) 4'Lnfonsa~tion tmsucilo

0,intensa e. iongiz turio. brutalesirit Sut~ ~a aeutent otigsntot.

!*pilot. gut c'attcnl & eubir ure do ccn fatofl auc.Udratjoua. arintraate 16p %nKe Q Ogu~,
vorroulIlec so, t~te ent poettion stable ot I 'an n14 cocretat pie do nauveaenim aaoraux conls eoodi#-

Aua cantrnixv, ci be t~te cat *urpaiat psi' an. forte cocadfration on dehoro is In pnoetrii 1n4d
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rmrronillarg mon poida apparent d~pauas rapLdeasnl. lee pomaibilitda do rattrapuaga do I* muscula-
turt ;la&tftoameuobilicsan: foucticna do 'I nrexse du gang d'applicaticn do l'aoodldration

is Oliemet ,% s purulyo jmqlk on ~vin&~t arlea toruaticncp anatomiqucs. Coci cut fcl
k coaprendra ci. on *Atime arosci~rsacnt 14 poids do la tita at du ecu Jusaqn' 06-07 & 4 Kg **
l'dquipcavint do tote & 1,9 Kg,i'vvnaaablc pica meanmblwesnt 6 Kg. La poids A4pparent eopt do.

30K 19 50G
48 Kg i8 G
60 X1 100G

LA puiacanca doni muscle diu onu eat raipidtwant ddpascde. La acuvoemnt non maltriad 6i7 Ia tote
soun accdldraticn pmit Atra violent at responsahia d~nw traunatisso cytnien contra, tin parol.
do l'habitaclea. L rachis cervical pout 6tro 1ta1 lIni. nmem an partiouliar lorsqua Is tile oat
su~rpriLse done nn position oumplait omaeo l'cxttncton rotation pour una prime d'lnforaaition visual-
le latfrala at hautc. Sinai dam sotorcee, do@ fracturca do as cagment ractidlan sent aurvanuas
en vel. au cours d'accdldratlona brutaloc. LA aurwanue d'hernio diccale sat ponaibi. dgalacnot. t
m$se quo Is curuenago carvical dd & Ia rdpdtitlon does aodldrations iimportantca, ept susceptible
d'4voluar &. la longue vraun wa ddocmpanmattcn arlhrcsaiquc.

!,'EVOLUTPION DU SVAiL)MW D'APTITDDE D3ES PILCMg D'AVIONS DE COlDAT A L'ADMISSIOK.

L'ayyll1catior du standard actual eat auffisant scum daux conditions. Ii cat tup~ratit dt
him, dissocior ice oritirsa ptoptO5 an pilot. do combat ct ocux proprca au pilctc d'bdllccpt&>o
at zo pilot@ 4. *trtnaport at dc liaison. 11 taut ajcutar au segment critique clasaique Qone*titud
par In rachis dorsal at I&. jonntion demwo loabatre, Ia rachie cervioal. A cc propoe, ii taut Otra
particuttiiroucnt vigitsnt quand il exiats don antdoddants de traumtatisa cearvical, In, maindra a4quel-
la, clinlque, Ccncticnneolle. morphologi.qoa dolt faire, prononcor li1napkituda. Par aliloira, IS dd-
couvarta d'on blot oondnuital antro 2 vcrtibrca comprisci antra C3 at C7 doit smenor k pratiquor
doe dprouvca etatodynamiques poor juger du raetntiaamamnt drentuol ant I& atatique conricaic et-

l'aaplituda dos moovcawnts, ci oclui-ci ant apprdutablc, l'inaptitudo eat propoada.

LE$ LLM2IVS DE PREVETION DES INCIDENTS CERYICAUX.

~ 1.Ila @oat a. 3 types, Ia adiaction, lea amaliorationa techniques, l'cntrainamcnt physiqua.
*La adlaotinn & l'admigaion dolt *trc rigourauaa comas nogs l'avoca nu prio~ddamant.I
.Las amilioratlons tachniquca a la plus simple port. our l'allbgcaant do cauquc port4 dquipemant.

I! eat possibla d'imaginar dcc systbsma capatlos do laiaser one certain. Mcbilitd & Ia tot. tout
on asaurant an can d'aovdldration brutale inc contention auffimante k l'anscsble titm-cou. Lour
rdaliaation oat probablamant ccmpleze pour qu'un tel mystba~a salt confortabla, done non dangarcuz 4
poor 1o pilota.

*L'entrainocont das pilotas j on pcut Otra tcnt6doU ranforoar par dam azcroioam pcrticuliara
I& nmusulatura du coo. Ca acrait one arrant, las cxa!!cloac doivant ±ntiremsar i'anceabla do Imt maustulaturm rartdbralc at du troco moua paina, d'nn ratantiscamant cur lee autree cocamnta rachidians '
La caintion d'una ezoclianta condition physique eat ndccasalralpcnr ccli, Ia raspect dunna bygibnaI d via at In pratlqute d'un entrainement physique cant dos obiigations pour lam phlotos. Pour qu'uzn
entrainamant physiques qui intdrscec 10apparXIi locomoteur at la rachim, I* cyatmas cardlo raspira-a
toiro, i'amdlioration don rdflarec, ralt rdgoli~ramcnt muivi, 11 eat ndcaaealrc qu'MfMlsct raisonna-

Mae at suftlsacacnt attrayant. Dac efforts dana c ac snc cant faits.i ~CONCLUSION.t
La prima d'lnfcrmatlon visuella cut plus qua jmazai ndceamaire dmna In combat adriec areaI ~ iea nourcilam gdo4rmtions d'avicnc do combat. Ella cmt possiblc Croon & Ia mobiiitd du rachis

cervical, cc rsnqcc ceast uno cartainc frsgilitd. Ge acgment rachidien deviant critique.
L'cxploraticn radicoliniqno at I* standard d'aptltodo & i'admiccien do. futura pilots@ d'avlons do
combat eat adaptd an cc qul concerns 1c riobis & tine sdlcction qui doit Strc rlgcnrense Pout Otro
officaco.
Las proplcs tcchniques comec i'all~gomant duocacque, Ia miso an point du myatima do contention,

$ I peovant audliorer Is rdaiatanca &6 cac contralotes nouvellaa.
Pric hygihuc do via at on autrainesent phyaiqoe harmouleux at non inutilocant parfacticnnitat
doivcnt *tpa oonsld4r4s earns un d*voir poor 14v pilutuc 4'avinns do combat ccu rutux.

1-A
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.Y$ITFMATIC RA;DIOCRAPIIIC E:XAMfNIATIOiI0' TlrHF SPVINE FOR SELECTITO Fi6PLT

A PRELIMINARY REPORT

AIIŽ3trt van Tjiim. MnJ RELAF,FPSradlicotorist,Utehetean.4

Z !I,, iarey N.11. Vo .,n I Iun P iggo o( ar , Col HRN!LAEF, -FFI.
$Jlre-tfl? Afineiton Medicine, Iivision, P1.O. Box 153

AB.-)TRAST.

Witi. the introduction of thel Ju~gt. perf'ormance aircraft F-16 in the Roy"). Netherland,-
Alir Fo)rce or! isrerer'ne' inf& .1iniM columnr di a or'] ura was antti ci ated . Therefore, a aqyec-ionttcIr.)
r'adiogx-,,plIl 1v.'l~oJ e spine exornlniation of' Canididate Student lIi lots, (CS] a) ari! t 11fi-

r'!ii , l n ('r10,9iiri: rrrioiiiii weend' 1c-ir{, a nodIA-n 14, Inch! intv,-n.cilier.0 :ofar,
225 W5's ahri 196 OP's 'navE tee eaminedI
Stic1t appdlicati on of tie me~dical cr-iteria lewilii to a ruejcc Lion of' 20' % of tie. 0SPI'

"I~sau'.r 0. sp1inl diiiordrlrrr vIsual]L sed ort X-prt.
'I',I F- IAT-.; rn ~ j) r'ii ~r ot' cool:r,, sc1o to 1-cd'-e tlr cev-a a-i

Thr rr. 1:!tm rrt. coudu1rt riwvril.1- of thfe mefa c e ijIseu t
'- c. nof hT11 copter and fli i'terj'lot rr

i7yqtn! 1, extimir.j ,if I on f QP., wlio hadr no 01' 1 rcorrril _jet r-oQvi Otis fl~ ezarrinati onsutlf ovor'Gjsa
high r'AIt of rijdi i.'. I din art!'1.

wlith- ozr '-r(.py I form':i.tiori ari the jacksldtI of tII, vel.~u anu rf aol 1.1 eg liar? owing ol'

;NTRiOJUCITirili

Qor II Or. t R I I'iiI,lri aI 1 1n tj or 1 u eI1 ' of JhIM nW 1A I -I w'Mr~ ' filli I M pn reId nolvurn sie, (6
ti. th jail." rI'stloI onaf* trIrT -I I I J 1 en,1'or-i 1m rýn rc aOlr) -art, F -If( ii tIe I(- o-sa IN 1't hIý r)jI Ird;J~ ~A Ur Forc'' (!N? AF) a conJdroi'icreaseI Of pi n;rrn: ýx; /-stcd* L the: rr-dcool

IL' io- f,.1!, The',refore! tj~l r,ý; 1' 1 ' I ;- a r-thunmat I tarig Io:-vn N c ez/1.i 'ninei on Tof ti( wholeo
oi f c ot-i, Canid i t1ot ,tudIit, Ic

1 
''1s (' I)u] ulif-itd n . il T,'", ) ''rl-- at

Kfiy F-16 ao uttn'origly ci
t
l, Tii-" imandianti or iia" beer., p-r-forried ouince nova brrlc 19,1"

V,1F T! Ir Lt'. , f AIITTON JiAZARI'D" AN I' ATEP I/uSr-

A O:Itihiiiitif 1ijJfjofrllphiAO L-xIIrJ,iixiito of th 11v i:le 13j-ira:. ireTI(ýdui-a LoL ierll WIiinir-0A
of ph. ipi p ii inn nero 1,1 i t In ii 1)11 till, ". i I o r ';I ti on ui r o te e'ili o

Titi,-i' n-oildy theo nutenihard .rxurr~ination thin, lollovlrtig'lju 'ilijjhi

P4ruoatro- IlutralMIAri two oýIl Suile rie1onI-

hIs n ejx, it niI, j , ( ii rfon'm'!d wl l. coiijv',!ne-Iol 1 X-a l;pIjuipmii 1,t ptve~ aj j'o In tIOf T
ofaloe'. I t 65ý0 m rvjt-p to f-he! fqil'- M 1il'1p,',i ( 4 ) . 11i o'gnr'vl110 tvi dor I H fve1 1 Ai Trrit it21! 1 eve'1-irle

-''larl ; dozc-'of rit ural rodiatlot'ii of' 1 30 trrcia (sea lv).Ac co-l in;' to the datal of the. Jrl-
'i:rrm,. 4- ''npT I Gionmin j t o )f' Pi')I In tl'. Ii ,r. tenvt. i on ('1) , thil r Ife , nc-,f 6 5 0 mr urn may. loa)ifd
to tumour iridiet. ni frrqiuencvy i of , 013 0/00 wilii, a 0et eit pe~rlocl of' 5 to 20 yce-nra.

`1tat .) foti p.F. 
1
Iy tt~ifa cannort he i'n h bredh..ournic of the, loot thutt the opontanr-oort tumorr~j

n.'~jdeysi. 'rr~v-nrey I I;rI abou 1'
F.1 1 -I nl rt"Ii 'I I pri. jil-; ( ther. whol) r'p nie or. n-1r ph~ot os rapt 11. A P ;r'Ja-ti or, anid one
Ia teja Ilr niruecrio) czar, r''u'-)T-e the 111!io t/pelurue to 115 .,m' (5"). 71.. our n~fAIt Ii
howe vi!r-, th Ir moth..'! I f ITr-i i'n I t'll for ffaEnc' uritoriritL of ureol 1 )o o u ut. iwii,tnluiiji f e t o tva- o

uoSt"I aI$YJ.l tc duII-'t QIITon of'I roil It. IT can OLL io Ul 0 lx-n IT,- u.Viri bY a11I1 mrodern 14, I'ii- I R, ve
jilfotIrniriiler to rn'.ke! the rfll ogrI'urplf . COrvpa i'll w~I.b corIvir U'A "in)-ali'iiI this rIthulld
liowa u 4. to l% timini r'edu-tlon of t~ir~onrOe, oe.nl ig 01.ii~e aere or1' linifivle of
fliorl-oticopy fir jio~si II iril of n the 'airfe

id loi"iI n t'. -1rj, ta 1l rif. CI ac-pit v veýr a cTc m a te Iit fe ac re-mei e 5' thel all' 10 of v e CA or' n,
I 'ic-,r rtxpl'r I encve howeyvrir, thiln res tr (! Li rin n ,ýoer posedI t prot)Tfi "fn

'Phe niul vt I , rn~ h if weIreý Jn ri 1. rj I IT'n, IA-I.' a1 pa'! JoC] o gn J . wh enl ri lou! a ii on-lhope'1 I (I ITo raý-oii
At"Id to -jv- a IiisIc ir" c t dFJon. Asia tonMdI Ili ivin at- en.ve utul
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Sinice. november 1982 alI CSPfs are subjectad to thie previou~sly described exeminstion at
*the end of the selection procedure.

All accepted Cý'P's will be reexamined after six years. The Cf''cs who were rejected during
*the training periodi will also be reexamined as far as postfble and iwill. functiron is

c~ontrol group. Furthermore fill QP'a designated to fly F-16 otre ex5-!itneA.
This exeamination will also be repeated after 91x years uniles.s disorders are: found which
require at more frequent follow-up oboervatiL w.

Up to 1-1-1985 225 flit'ls were radlographical-ly examined. Strict applicatitoi of the
Flight Medical Standard (FMS) of the PNLAF e to rejection of 45 candldeites. The resn
for reject,,ion are listed int table 1. Cardldeltes with virms of Scheacpreanv's diseasie wore
rejected tiler, Zhero wori? more thaknr two obvious Sebmorl 's nodulesi. Also a unilateral
srucndylolysi a or at spinas. bida~ occulta with two or more vertebrae involved was reason 4

for rejection.

T,.bl 1.

14 225 10O (1 Vumbeir of CSP'iO examined.

45 z0 % Rojesitod for spinal disiordert, vis3ualised by rAdiography.

2Ž 10 % vertebral oetaocronndritis (Shu~r~n' disease)

13 6% spondylolysis/lysthtesisI5 2 % congenital anomalies I

5 u iseooatriesk 12 1 % othe~r dicordere

Sýo far, 196 qualif'.ed fipght~er piloto- unde~rwe~nt the whIole ,pine examli.atatlor before they

f wfere, alive'] to heb, r2 d for th1e fi.In the pjas.t, only seine in-dividuals of this
grroup had been rudiopraphically exvamloodJ.
The_ resultv a.r,, listed in the following table.,f.

I Tab!( 2,

1 i =196 100 % number of quelifiod pl lots ex-bInjIe d

97 49 % no or very alight disorders

99 51 % one or more dislorders, listed below

Sthor-Ooelumbar diuordaýrf-

21 11 % Seheuermann'uv disecase: 121 flightA

9 moderat'e

j )10 % Jysin, / lysthesia lumbar

12 6 % luimbar cdimcopathy, 1 status after laainee-toay 1
2 1 % ntitius after moderate compression fracture Tb 12 L1

8 4 % congonitel anomalies, 6 of these trannitional. vertebra

3 2 % estee-arthritis thoreco-lumabar, rather advanced].

48 %4 cervical dimorders:

16 8 % abnormal aligniment, uncom~plicated

91 5% cervical. diucvpathy, uncomplicrated

18 9 % cervical diecepatthy with outeophytcsI.5 3 % cervical ost jq-ai thlit, unicompllictoetd

JC
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DISCUSSION.

In our series, 20 %. of' the CSP'a were relectad be~causfe of radloiegsahlcally visualised
spinal disorders- whether they had sym~ptoms or not, In the period p-iar to our study
(1980 and 1981), only 'fell atardigph.were masde which led to rejection of 7.5 %
of theOffs This morked liver care is partly due to the more detailed radiographic in-,
formation olitairio- by ear, method. However, it also rosultod fro, the readjurtmont of the
RNlAF FF13 to the more striýt. criteria fnr i igh perforilanice aircraft pilots as recommended
by Kar7arian (6).
Anotie:' r~eou9o for the.hg rejection rante- is the fact that In the RNLAF the- Off's have)
to he medically qualified for fighter pilot as well. as helicopterc pilot. For various'
reýasons aircraft choice is mm'ie later on.a
Delahayc (2) mdvi Soc tc )-eject helicopter Off's oh: ahow, transitional lumbo-aseral
anomalies associated da.i¼ asymmretry, marked diseng~agement of the pi~vot vertebr-a, or
trsnsveraos3acr ml new Joint formation. In our Perios, this anomaly by itselIf was no reason?
for disqualificetiou. Otherwise, th'e reject] or. -rate would even hav;e beeni higher.
Operationail expeýrience with the F-16 sug:geet that in comparison withl their prvious
aircraft (F-104 and XF-5). F-16 pilots havE less lumbar. spine symptoms h';t compla~in tar
moer shout cervical pain and discomfort.-
In a linited study. Aghina 0]) found that F-16 pilots had 8 timer mare, corvieal
symptoms than F-113i4ts At oneo tinme or onctoor. 67 % of the F-16 piloto had experienced
cervical ryaptows during tha ob.sarvation period of half a year. Similar oboervatiens
were repci-ted by othcer I{NLAF flight $urceonLu. Thin is partially due to the extreme
C -ac0cel erat ion, pessihilitles of' the 1- aircraft. Ti i~i a]lso related to the diffe~rent
body pooition ir, the F-l6 whe~re ýth tnaracaleaharT spine leuns9 baLckwalrd at an. angle of 3100,

rcqu c g a orretion l exior of the cerai':sa ispinie.
Becauso- of the east ýensa oP the extrenee strain en dhc cervical opine, specimi attention
was givc n to this: 1art of t~re examination. Howc',er, disorders of tl-.cL cervical spine were

asnfo rej'-Cttn of only 4, CSP'sq (2 %). Feder-ate disalignacut with normal flexion and
etonision wuil: if]li se1ies no0 reaston far dsulfcto
Insoatratrt, for, lie)icopter pilots the; lumbar sp".ine is known to toV the moat vulnerable

patrt . Therefore * the- introdiuc-tion of hi:!; plfoTrrlaliee nirorufi. wilAl prab.I~ly iced to fin
'rerm' dceepeeybetweenl tie me-1IrIcl 1,ualificetlcn, criteria for fighter and he] i-I

eq-o+,(r p1 etc. T"tesiua after o- possi-ble edjta Otro the EMS, this should he

r fori c'p rt s-leotian even in mmcili airforces;, in Qpniler to rcouce the re!Ject iona

ii M s oe ci *the, recorunsdu t ions ef' !lu) ahyc (2ý) abtout di ff rrn it cr1 tori!a fi'r I. eli-
C'ijtei and firph top p1 Lotr and lio s epinlion shout :mpia bifidi nero] to as en inolneent

tamla) ay have. to beV men hli ne).

* ~~~ho radio.graphic examlination of 19C. QI H~ shod in A 1 ae ~lc icd'r hc

aoccord in r ,,' to h,- Kt N1A i, llS a ho t [ it Jr hP I- r'i50t l~fi r (I i aijIuI. J i "J e at, tori . Wei th -t,- ,~ub t , the v
so]n If tin j rejection rate -)f ±3% of tl-; QIF'r was inacceptablal in our opinllen. I
Nocu:,niibe'tween1 f) I goft Frut nt -ou, radioloi sit: and arthoo'xle, surgeons led to the

rhob I 01-3i riij .ctrd only -atien en ueor-j~tJAblU incea-fsed r'isk to the]- I- phys;icasl

h,!slth. or o lvusincreased risk for fl ight safely could be assumed.
With Ithis paint, of view '3s the guideline, lumbýar an thoracic Spine disorders were jn

no case or our serics reas~on for reijection.
-; ~One Y-1l' lot ale( receivedi a waiver for a zpnMll:tci , th-ce month liter o-r

prert cred -in infl light e.jection~ fe1 s-wed b-y a red gfh pqa rohil to IF-rid log. Oun X-ray a all it'h
cempress.3 i-in traotuore of' b-1 wari otiowni .n spit., oftisi, the 3 yrtho.lr is f w,9.1r COnM-

pllýCA UlfýATI!P Incomrorl~~wiwit, )re*,ooi rat)i oge rt)~. The ts~taWlit y of' f lyst besi s
sesto tI- adequate to resist severe trazacr. In moor~ cas-es 3)

Peu:'or: for vcile once rit acre loot', ex'iet.i rig di scope in las' of tlf, cervical spi no With
o., teýo phiy t c ferlrutionl, in particular w~len or teophyte.i weres Iocatcd on th~e back siJde of' the.
v- tob 1 nuc This caue.:itiO rt arrsiiiitg oif the cot-nose canal anid may lea') to co'sprt'issiosl of

* tile a/dos.u
Tnt "1 nic]i medi'ino,- t, rlime]l diameter of the, vcervical canal cf 14 Ina (as mneasurca on
ar la rf/iderd In? era.) rardioglrail. ) In asc'umod to, 'io so ffie ciit for t vol um .However, tie-rc
is, mucýh lier- tailiby aboiuat th(e 10550i) ri asnk at at suddenr fre l~ure of e~n outeophy to dur S pýI

* I ire extreme C-s train whi011ch I i~ii achieve Ii 
t
dit, Y-16. 'Whein the or teoyliyte Is located

o n ti2 lancy sido of the ccc-vJPi cmlanal anl meuta, cemarrllSsion of the MYa'lulmi 1th resulting
;i'.r',lysis couldl be exp-cted ii, case of a fracture.I
In our sorter of 18 cerviceal dl scapatiic oJU w ith estoptyte forsortion, * our pilots: werer

5~i1 lt 0) 10 td for F-l 6 and tthr-e pilotsý received a r; -restriction.
AIIpi a (tsWith cot-vies]dieal n ' wh~o hailt bo-n gýranted a waiver fo-r the F-16 wore d a-

sigl'rat ed for a yJearly1 radiographic CoaT) ow-up examination.

2V
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; G CO N C IU S lO l lS .

&

1. Systeratic radiographic examination of the whole spine leads to a high rejection
L rate of CSP's.

2. Radlopraphic examLnation of QP's will no or incomplete previous examinations

uncovers a high rate of spinEl disorders,

o3. n OP's designated to fly F-16, the cervical spine Js the major region of

interest. In our opinion, tracing of disorders on this level will substantially
attribute to flight safety.

4. The introduction of high performance aircraft as F-16 will probably lead to an in-
creasing discrepancy between the desirable criteria for fitness as a fighter or

helicopter pilot, as far as the spine is con-erned. In our opinion the cervical spine

I is the most vulnerable part in F-16 pilots as for helicopter pilots it is the low back,
Howoirer, readjustment of the HRLA)' FMS will depend on further investigations. *

Together with eeparate nelection of fighter and helicopter pilots this could reduce

the reJection rate of CSP's.

5. Finally, performance of the examination by use of image intensifier radiography
can markedly reduce radiation exposure.
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DISCUSSION OF SESSION V - MEDICAl, SELECTION: TilE SPINAl. COLUMN

(Paoers 40 and 41)
DR ALNAES (NO)"

DMj Van DLlenE what is your protocol for follow up radiography of F-IS pilots that you now have bn\,o line a

* X-rays on? When is the next time that you have a look at those cervical spines?

AUTIMI;S REPLY (MAJ VAN DALEN (NQ))

We plait for the pilots to return for another X-ray examination after 6 years unless anomalies or disorders
F * are found that require an earlier follow up. All the pilots with cervical disc pathology, And osteophyte

formation come back every year for a picture of the cervical spine to see if the osteophytes have Increased
in size. I think that when the increase in osteophytes has narrcwed the spinal canal to 14 mm wr- should
reject the individual for flying the F-16. There is, however, little in the literature ahout this subject and we

- are still a little unsure. We are conducting biomechanical studies in HIolland to see where the weak places
are on the cervical level. We hope to be able to answer the serious (uestion - can high (1 strain produce an
acute avulsion fracture of an osteophyte on the rear surface of a vertebral body9 

Is that possible or not?
I

DR DURAS (FR)

Regarding cervical disc disense, it is well established that plain X-ray findings do not correlate well with
clinical problems and I wonder how valid is this straight X-ray examination?

AUTHOR'S REPLY (MAJ VAN DAIEN (NI,))

It Is indeed true that you can ihve severe cervical disorders like disc pathology with osteophyte formation
without any symptoms. We have many pilots with very advanced disorders who have no symptoms. We don't
know where tie disc pathologyv has broken out - is it on the lateral side of the vertebra or on the posterior -
sufaee where the nerves are? However, although the spinal cord con adept to some AP narrowing of the
Epinal canal without apparent interference with function, a sudden gross reduction in the width of the canal
will produer t ,- 7cpressioro o the enrd with severe neurological symptoms. The problem with which we are faced
is the pofibility that during night when an F-1i pilot is exposed to very high ( the cervical cord mmy he
suddenly compressed.

COL VAN DEN BIGGELAAR (NI,)

I would like to comment on Dr Van Daler's remarks. Fighter pilots flying in the rear seats of dual controlJ t aircraft report that when the pilot In the front seat applies 0, even only 4-5 C1, without warning he may
suffer a sudden deflection of the head so that the pilot really strains his neck. Now if this is the neck of apilot without any clinical complaints but with a very narrow spinal canal, damage to the cord could well
occur. We know that 60% of our F-16 population regularly have neck problems for which they see a flight

I ~surgeon. This. is a very critical area and we Are very worried for the future,

I-A
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EATIRAIJEtEAiTPHYSIQUE DES PILOTES DIE MIRAGE 200
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Nridecin en Chef Mi. GOUARS
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40490 MONT de MARSAN "Air"

RE-S U _ME

Neoif pi totes de' combat on. .sui vi tin *'otr aine nirt F11)51 que Spit; ifiqIle
ii batse (tie musciiitailon en vtie d amPili over I cur tot trance aox fortý's
acc~e- rations . La vat idat~iori d1' cci. intrainement a ll16l z'eclerict~i.i

4par- des test-s eni evitri tugeo~se. Lt gain de toltirance ojbj-ct iv,
petit. ¾ 1 'er attri1huti respcctivem.'nt 00 coiijointemien-t P.t Iotramncinetit,
ai 11dipt-;tt ion a' ia cent-ri fig.'iti' el it tine mel It 'nee k.ft (-(1t6 de-s
mnfOelvi~rt'5 type Mi.

IIIThQDUCJIflN
L Vo~lant stir- 1 ts avi ots de combat de a, nunVe'l Ic gi~noecat.i oil itypeV

MJRAUt 219001, le.s pi lutes sont, soUiiS lot's di ceir taiflt' phase's mItt vol 't Ii d ies I ii-t-ra
5.L.ioni, siuttitm d'ti'ste hantI n iveati varia;nt, 'api diment eni aeris ei. eu i rtf.eosit -tP Darts

c4is cortd it bitos Its ,wSt I s c I ass i qes (I 'a ijtpa vititon d es t rou 1)it's vi'sistte'I- ('vuIj Ivs
soot rapidemenat atti e ts vol i' inanmc d6patssý.s ; de's pertvs de Contai"ssc bruta tis
sans si got's prteotrseurs pi'tvent sorvt'ni r, des ptt6ehies, des trouubles dui ryt~hme card ia-
qu' et des ci'rv icaPg i " ot. poi etr" observls.

Pootr' antIic ort'vr ]a tel ritantcv der, pilIotes a ce t~t{ cofitraitite, 0tn
a tcherI'i't : amid iot'i' tI's mioyeus de' proticfi'ent e tassiqoes :pantat tn artti -g ýilC'gi
i n': jnr mitooi'ivr'is Waliticpto a nn~mi , manoeuvres respirati res et~c.. ltows
C((S mit0ycos fiti. tint' i'iticac itt ceritainre et: jrt'ltvtf', mais ii ap1)patIa I qoe t' maiti t1it'l
d'ntit bunni' condition phy~sique (et tin entri'amntiiint sptci fi que const ituent. de's atouts
indispensaib eq. Ce type dtientrainement a 6t6 d61'isii et rils au point, ; on a chi'fche

ii It!,vatlider parl ion.- i'xpi'rinlentat ion.

1PRINCIPES UENRAIEMO
Itspi it' de's tt vatit. i EPtPLESON, cfet t'fitf'.iii'n'mnt a pour' jo-i ioipeiIt

d'aissuijC ii aline 30 ('paY mit on phty'siquei gftritra I des exi-rciceq spitcifi]qot's el, Ufnf gymntidh-

tiquju veritebiali'.

I Preparatioun physLju g~~ae cloist oni' ui'tLtn ud ba':m'

w,.ri a m. Itt i oer Ii-s (InalI i ts~ d'endurance atsm rvi i i aihoi
'Fit 'o'datrgan:'itjic tavaiszoIgI e.e Ddi-roi'toi

elel qoueal itisd'rieac iiutac des Pfrs litl-t. ibeffor"dats dsottenus i ju enss ]tt f itte D0i 'uttga
opt amt' trvai Iai% uU.o vanar'oi on-s e, Cent cxre rc ices : ntresctJ rig, ski deac frd Is grtatd
etc.O QrI i's qw soact 1 , a) ae po vdant I I orer Iw s 'i'f ce ete ip1t epa nationi'tiv1,'8etFill ru en f't'$ d

ty4M iasrr n e 2 -- cupratiaoba ir~ag Ce el- at poor tmll#, ver'thra Ic.
3e Gya i-1sdermn anaemstiajie eetbri su u stMi tv' tupritnitcta

tofe ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ fvt piimait'ren'ui Ic IC ii di'ný mif t mi fc Ire In Iut oargaptan't irvIetn

gropNMusat ai rs postpoint, av6IIoer. I In t f clabra ion6 des qaueluevrn vp1 tetet i eh duo
mniteim' MIet aspotsrm, ti .mi purogrammeibaa ctirlent a Fatl Inn telt9t it-al'e.rieril ob

tren prvalidrt,-r I eficnclt demnmsrle ahage ntmijrt.n-vcl

MI.-% Sn poita]a Neutorl~o pde enlue ) otitA pact dep eprmttiin 'louis

Iivolor tant.ires et tr'.sM l
1 7 hi's C'e s pi t ot esI c ad rcs motit te ursn d IutiiPit on i t t d

t ent r'at1nevini nit
au combat, avairsit en moyrnac 1800 Ilcotros dt! vol et 6

t
tieni Agts tie 311 arim. 'i<

2 -Entemneeserit I aibivarit le~t, perincipco4 tnoitctis pr't~ctdemmcrit., .r £)Mp r 91
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iin footing cardiova-sculaire. hebdomadaire effectt16
en d~contraction, ýk petits pas r'ythm~s par l a ~e~spiration sur Line distance de 5 km
env Irol.

L20/ des eXer'C i Ces muscuL a ires e X 4Cut&- dans itne sa I I e sp~c ia -
Jimesit amt~nag~e ~i raicon de deux si~ances par semaine. Chatqiut seance. comporte la r~.p6ti-
t ion de 10 e xerc ices, chactin con.~i stant oin troi s st~r- es dov1 mOLnoVellentS, effOCCo6,s
se.I on une chronol ogie hieri codifi~e. L'Appeilation de ces exercice.s oat la soi-
vanto

I TRIACTIONS DES SPAS DEPOUT 6. FLEXIONS SRAS/AVANT-IRAS

OE* EVELOPPE COUCHf 7. EXTENSIONS BRAS/AVARI-DRAS

3 *RtIVOIS AUXA BRAS Pt [ES S. EXTENSIONS JAMBE/CUISSE

IN.TRACTIONS DES BRAS PENCIIE 9. EXTENSIONS COMPLETES JARREJCIIISSE

5 T RACTIONS ARRIERE ASSIS 1 0. ABDONINAIJX

['oi r c itaqoti t-xvrc ic- tin po i ds nax ;moat d e cha rge add it ionnol e (PM)
lost. d6fii . Cet~ti charge- foncti onl du poids du stijet , est attel nte progressi vemeit.
en I L scrme i fl(* e-n r-speetaot till tab I ait de marceh pr6ci s . I,' i n itiat ion A cett,v muscu I a-
t i on ut It- su i v i do I entrainewment soot confi 6.- A tin mon i teur, spic i a I is('-.

'jrilt gymnast~icquo vort6br, it- cunsi stant. en qUt Iqites Fttouvi
mvirts d'assoopli ssotioent. ci assi qotos vx,- 'ut .sqooti diennement. L e t ab I c ai c i -d-esaous
r-ýcapitu to Ins Pooactl6r istiqtiv-i de ect efntrainemt-nt

LTYPE BUT RECOMMANDATIONS FREQUENCE
ENTRA INEMENT RECHERCHIE DUREE

FOOTING A ENDURANCE ALLURE MADEREE I A 2 FO015 SIRAIRE

2 FOIG/SENAIREIJ RO0T1S

NRSCIILAIIOR RESISTANCE PROGRESSIV~iF PUTlS I FOIS/SINAIRE
PUISSANCE RE6ULARITf I HEURE 15 / SEANCE

9Y1MASIIQAE I400RANAGE E 6U L AR I IE 15 MINUTES /JOUR
VERTEBA I1 AAE VERTEBRAL

I Critbres dnappr6ciation - ott1 objectivor 1 lvfficacit6 dc.
I liritral1nenient so! Ia to] I oýrarct* _,ux 7ticcCIelraTCi 00

1G/ t('s ts f-1 Ceeflti'i f~gfttIM ; dclIX teStN Ooit( At. fftet
Col laboratoiif dote M16decijt. A'.iospati air TI -t. '12 avanit t t apr-its. 10) st-mirt-In, dI'ert rainl
merit. spr~i tiqite . Iv.is pilotts tltair-nl polrtent's do jianta Ion anti -g et. 14- ii -ge- nacelle
e. t il joelic i nir .t 18 ', On a u tA I i st e lIa tf-lin ijr dolf '(Il - R'KI aocc c6,rati jon, di

*0, 1 g/.souond . L~a ti n de- I ', pretive t-ta i C dtc!-idi-o sol ti I p t-I( fojt. lIioi -m~iti lnr'scii ' i

pftisa i t. avo i r altl rit. I a I i mi Ie de- toTI 6trinc vttIoiit i i . maxi me, soi t. Ilar I 'oxijo1t' i mvintel-

tfot,! I rIISqli tit1P le a it.At, i lnt do 51) % dit chiamp, v i sitc; p/t . Ijl4r pi t- il e~oe 6.i t con.-istat tio
ulitit I I ppar i t It lf. IVcitttiO I I u do trotibl -s doi rythanef ecarid I eo.

l.a yel it I t I r(f- taqw-tt -s i $ , I t S I sojftt's t a i l IIt. f iIm i Ii IIi qt'' v c

I io do U, 3 g/- cnd j usi i on vi o on pi fea d) tin ni not di 3 -t-i teia ia dx I itrnc vtnnrei iI '.s c-fI'ec~io/s satns 1 iatta ton aoti -g, avt-c unt- atcrtifila-

tess ii asti viI vIJ~~I Parami_.t~res ti~ty.tA.ut oirt j, Ali coot's des (Ii FI l/rentstct. on. i a voIo nd
K .5
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- lit ar6qurirrce ciwdiaque.

- ] a prussi or, ai-ttý.r'ivole syst olique et di astoIiqUe.

-I ]a aturatiuron i~re~ en 12.

-Iv champ visurl p.-i iph'r~iquI'

4 - R~iultats4

I I/ Tests on ectiu~ o dans 1le tabi c-r cj-dessoits

on a rot-i unin6 3norm rlractn dies siijrtrt les ni ve,mix (ell g) d 'aec,23 Iihation atteints-

lo s cdr-s denix tests' TI vt T2. Darts la grarideý majori t6 des cas l a finl de I 'Aprettvo

a nt-&( d~terni rie par I.V Sluje )t- ii MýMV

1QET 1

1 94-

2 6.2 9,'8

7 77 ,,7

4 I c"

9 13,3

F 7 9,2 10 a_____

Porir, toirs I es .'iujeta saur le pr'eml or, on obsrer'vf uno augmt-ni..at'on
7n1t toe dof I a to 1 nar crv arts a c c 6 1 tr vL i o Yis :It: gain truoyen onitre TZ et TII= 1 ,33 9

(t 5,31 50)

2'/ Piwar'anittzs phy-s iolgiges : on a enrogi atrP lour- r6vo 3ilt- on
en toreti on desX' II ivclIx d accfrýI rrati on attc-ints,

*Fr-trqin errr (rd i atiiro moyr une +r 6ca nt type.

G T 2 t

737,4 10 6, 330, +* 17 1 4,45 m.1

962 9 * 16, 3 125. 7 + 20 6 4,.846 0.31

4 1 23,8 0 19, 6 130,6.6 20 ,8 A., 108 0. 1

5 13?7 , 0 4 20,4 142 ,2 9 9, 0 2,6245 0. 2

a 3 37 .3 .1 6, 9 150so a 213,13 3,465 0, 2

7 140 . 16, 3 154, . 20 ,2 3,05 0. 2

4 13 1 a ,) 184, 0 20,3I I ,i I6N

8 141 155, 7 + 21,4

410 153,5 *22,S

___________ ________________________-I' ai ', *
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Onl observe darts I ed ceox sititat.ions uric accer I 6rat ino ci aassi qie det
ld a tt'cqitcrICP Cird ia(JUe . 13i en qIjA I parttarit, do'ne valcur die rep-s plit's ~tev'e , cc'tte
autgmentat ion de r'vthme por'ait, plins itnpor'tarttr ions de TP2 t-1 one diff~rc'ncc' signi ficnuive -

est mi.,0 err evidence pour Lt pett pri~s tocts Irs ni1venux d' ncc6l dration.

SPressi1 on a r~iSr i P I I,, systo I i quo et dli astolI i que E,
* ~~ca I v.) Wayant pas mis e~n Jývidece di'( e ifrcc ei~rcteci TI etT2, lea

cr511!tltits tire sont pas d6tnilI I s. tOn ret jendra scotiemerit

ainsi -en cc qiti cottcer't) ] a pr'ession systoliquc cite 6voloe en moytetmne

TP I rapos 12,4 cm Hig 40,63 .... 8 g 19,1 co kig A0.96.1

T1 2 repos 12,0 cm Hg * 1,63.... 8 g :t8,8 cm Hg + 1,22.$

Pott, tout, les nivenox dl'accti-l1ratmon, tes, vateor's de ]n PA systoliquie
A T2 *oint. too1.juora Vtgi~r'ment inf6rierors a ccii es die T1).

esi t~mI~cai c-.enl c- qfiri cottn,er'ne I a ,Presoico diastol ique, son t~volut~ion mo,.ane,

TP I rapes 7,4 cm Hg + 0,74 .... 8 g 13,3 Ca Hg t1,89.

TP 2 repo& 7,22 cm fig + 0,67 ... 8 g 1i,8 cm Hg + 2,25.

(hi obsrvery line augmentation pcogcc'ssi ye de 1la PA di astol ija C1 t I,

I cs valI our's d,- '12 sElnt tnti o.. s j ... r.mi rs nrferi('ore's it eel i.c de Ti 1

*Saturation artdri clle 02 : il it 'xiste aticorte di tf6rc'n-
Vr sig-ti ficativ yenrtre TI et I2 (I eieda qocE. la saturation nr't6cieIl it ni 02
hni.sste prugr'cssiverirort en Founctioni dtu nitveaut l' acc6 itr'ation

T I zreops :97,4 % + 1,33 .... 10 g 80,25 % 8,54.

TP 2 :repos :99,7 % + 1,16 .... 10 g 85,8 % *5,9.

£*Champ v isoie o n a snivi I '6-voi oil on do rf-'tr'c~issac-j

Muint do champ vistr' I p'r'iplieiriquc. On`- I 'absence dit diff~rence .si gnificative entri!
T1I ct 12,I rtuu ilcdt'a tjoc

T i I t1' champ vi sit(-) resti, i mtclang6 ( I lS0" jou-it ':E 4 g oto 111iot-atti on
cofmeiceti ito se doss i nvr par' in su-ite et. Lo chatmp so rEdoi, IE1 164"), 21,83 a pat'ti r
do 7 g.4

Ta 2s~t : I~. 'intifgr-it1ý-dU champ vidsuel e-st tons-r'vec jctsqta '6 g ;1a

auiyan - Discussion vc's rsitsoI tots appi l Ient lea coimnmo irflI(s

- '1 Ce 1411i cfCort"t'rtt left tes-ts on c-intri togetise, on jtoot cýtr( surpri a
Ell COnstater' (101 , a's dijtart, ('Jr) toitsý Iv ca rjetst ont un0 titi(r'jnc('( (,JfoVer'c ;tii+ aucoelr'ra-

pa~rt ii e'it'irni oniii sp-inaljis
6

e hi I ' iirti tei-tt atu comba. f-t. -t ajorit desi 'profussaioriric I

Cill g". MEa iJr6 CV riivf-::cid:. r'f6troricc 1i ry~eo, orlcona-tatt' , 1 ors do Ti2. *one amr ilioirati on
s(.Y.,i~t.et ignficI~iv di lat(Arant- i.tccete6rations (1,33 g -ii noy-trine,

r n'i C:1! qoi coricer'no 1#Is (itt'umit'tt physi oiog iqtivs , I I tltuide do(
Ifour' ovo I itt 1 'n moýritri' cp 'ii texi ste onett i fft'e;ricPe cot'" TI i-t 'T2 mal 5 cot te di ff6r'cnce
Wiest jatmaiis sign i ficaiv snt pour I~a troitnesrdIatt.

Dart I I S 40.N C CyrlEi i I, f l Its ol po uL Fut F otmItI Itet' .p3i1i'iiir-rFlt. u1i119i Iy pi) thbilSt'S
poiii vilpi tquilt I 'mti iifirtt~ti :i (if, Ila tot i-alne, t-ri cv'it~r'il Io ' 1 i'it sa' gir'

*.soit I 'ikn!' a dapt 1 atI i o nl1 pItysi i vItog ir( Iiui reiot ii nais los paramc'tires
ertegist~~s iepertnc~tter.t pas de vet ilii r cetttc cPcitc~tni it6.

s.j'i t (I' I ['' adatat jtti~ o d v's sItI _jt a in; techi Etirqic t ribos patti co I i~ri'
lif- Ii h 'iiti I itgitl4'SC' 2 habit tati Ott Oil itilttetti asagi.

WEana -, " dewrm cns, il -st pvrti.ri a ci' vuqoct mine ef i cli,:t Ii acc:rue I
dati. I vexcihiti on dus runurootvt'os risoi catrulres pritivanti t$ir,' rfw iiis'3i [lion LiI 'untraituc-

" !V ,



Apr'&s in o~n) ~ -.vmtijlt rrrr'it I ipn lrcjtv ass(c i irt, liii iotr i nig, cit-s ('N4''fcI C-'dt, o-rirscrl at ion et. rare gymnasAt i qu vv!'ntthr'a I, locs 9o1 jiotets )I,(.t a"1'io rt' M' nrm't14Lio' tcit6I'ianr-'.rt acA .I';tXn Los tonir-gi si ri-mrn-n plhyý;I nlogiqits et't'c'rtutsfi
6

cjo'ric"e cartil l ii4 o, Itvtssiiir zir'trt,r'r ItI- sisto Iiqir' v-t diasta! iclin' rI- strirblf-nit, rIan ft tv.-irIr' d'I Lif i adrr ;Ip t ittorro carill, irov aserrtI ;i;i r f punr/alnt otrra . it 1 iii d or't gali-

(4r 6['tii. o t. Par i~ortve , miw s5 tijmpIv al Tiptati oni I t Ca ct-nVr- irl-r n fri'ttr -Iiit-cu.artm tirriric rommv caits, Uaor .src . ri pt'li irinwt-a ion crrnpl nuriatsrl i rc avot' trm gitiriji t-Coiul ii i ;t Si s jtr 1. -d.1 oint ogi .st~r'mvirrt. dov - li r-5-i iont j -0. r';ttuu-r.c'3 (11i4- pi'flt-t ivil 1.-ado jrrsl it. itvu p1 1 'i lit-file vt. I' oft> caol t.(. 
6 
voirto I i v do 1 r'nt va i na~m-n ts~p(,c i (jiuo. pr'rtstos6

1 - EPPERSON (W.L.), BURTON (R.R.), BERNAUER (E.M.).11,ii i nit I rionct.-oat' Ii t'ftr'r-rtt iI Ir ptiy' i cir I :ond i it i t)n' ng ortgi Iont -itmir Iatod nayS a comrbatC manouvr-r rig trfl vtl'arrt

Aviat. Space- Lrn'irr-. Mod. I9132 - 53 - rpt. 1091-1097.

2 H IOUGHITON (3.O.)ý COHE~N (N.M.), BE'LLENKES (AM.H)..
Itititi'rdback .vini nig aft'hei MI mantornor'

Abstriact. XXIX Congvre's Jltt-rn. 1-ld. Af~ro-Spat. NANCY - li 9tI.

3 - PARNELL (M.J.), WHINNEPy(..)
'Urn'.fofr~t. of 1 rIng Ct'i';I acir'rbhii conicht i tino'ig off t~otrr 'nicv
to -Cr. st~v'ls."

Acr-rap. Iid . Assoc, 11982 - Ito - pp., 22-23 - C hr-ph ints).
4 - SCH (P.A.), WIORT (H.), BALLInu (U.1.).

El-tat . it storrgtli tralining ott G a rrr~

Avint. Sapsco Envi r'rt. Mod. 1983 - 4 - pp. (Y91-695.

5 - WIIINNERY GJI) ILLINGHAM (K.K.).
(-Itd S cai statnda r'cl Cay cXpt~i'urnial 1 liaran tso- in acc IotraCi on

s L rc'.-i r(s v saroclt

Av iat, Space Isnuvi'rorn. Mod. 198i3 -54 - pp Z41-'245.

1.f
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SPI'3vfM~tET1RIL SUR TARLS ROULAI2T bAilS IA SELFV'TON LT LA SURVtIUJANCE;

DESVILTE D:~l'4' A EATE FSPRi~tILAU~k2S )h A uS AERIIZIN£Z BELfaX

par A"o Cdt G. ri~q4Oiif, cled Cdt J, ,t'ASTF2AEOLU, :-Asd LtCol P. VMiDLll13SCll

Gin tre 14i.dicat de la Force A6rionna Ha1ga, Rue de 3. Rucil 90, 11-30 WtR"XiILLF (a£)

I-ous les pilotes d-! In Force kAii~nma belg, , de-signcs pour Ieur conversion cur lea minions F-16, Lent
c~ouxinc A des cczamnas cardiovaacu-ntrss st reepirato..vms : lion d'entra-aux cot le tent d'effort moximal s~up
talpiF rouiant.

Days une prerilAre itucita t-us avons rasramblA6 lea risulta-,a de cc s mcentng et cCLIx d'rton s~ris dE.
tttest a'festu6r, cher, tn groups de jeunes cmnijdatm eleines-pilotes et avons jm cirsi ri~aliusr one Ainohjuatioýr
de ;a cen~acitA a6robiqua (OuI4AX) da, notr-e yn)puietioo belge. .L16chantillon tao.4 eact contstitu i de 356 pcersoynsseFd'Agsa ds.fJ~ze'tAd :t de dgre dlenr~inre::: '.::aribles. Cliev. ohaque, individu, ia 9%UAlX mikg- min at Is pants
d'sccrcioeement de a i). gflk muh in Cot eti Ste$¶4t'ea pendant i'sxsrcice :ce soot des vaeilurn observ~ea.

-rDons tine aeoe tdnouanvn 1'evýleffet favorable de l'eatrainement. physique riguliesu
lea rtnsltata do la epirpargomutrio cuir tap's roulont clisnun grou~pa (H 20) dr pilotes F-16, q i svatt enre-
giatrA, Lors d'uu. pL !ntr test, Vin rioultat poL. AIrin d 1 %[MA',.

-t2

'ATEtS Li- PMLflUDLS 3

La mbt~rial tec-hnique irtilisiA conjresd
- tna colonna desapiroergompcrca 312DM-NOST E'D 65£(iiflS ).... ualpu6a d'un epirom~tre Giectronique A pnosac-

j tnchogrsph etm d'un ansipacur d~ltnhydride :ctrbonique rayons ii
-w' snmiyssur Q'0_ 13XJISLiS 0111 Ai nystkm de secjure ttactro'-ntmeque,A n&4
- n c'lertrnrchr-d4iogrphe i 6 canaux £LMAJI-SC~iG~iMIDER, r.U2iGCCRPU! 1, ;.co; lst roca rdioscopa
cannux d la m~nemapque, sao~u-i~s.(-l nonilu

programmable iiiK'tNCLX 01. En effest, ces appserils dlenrsgistrcwc~nt des 1i'rram6tresv indi'ponoublss_ 6 is spiro-
ergos~trie ken'ttent den sigwi;ux uralogiques viz's is convertieseur A-flu qui lcu transfonnr;!ean sortiec diei tales
(outjuta) c-n we do licur introduction dane s lecolsuirteur.
Le progrimcie de spiroorgo'm~rxie a 6tj mim au point par Ic i.dýCcin Colonel J1. CL&½11T(8.
Lu cslibrrtion dlu cor~iverti'issur A-V ,.t dei appartwqin d'snrsgiotrement. eat effectj6e saton isa principes eui-
vunsot : 2cr v'iu l en sýor~ies digitalvs (outputs) conetS tuant do, fo.ýctionm 02.La ou mains lin~airesj -oas tn-
concnuas daoi rrcsdnurn zo-ourenc, c.m.d. :viteasa d- dir-,)e-rn~nt ct pentc- Ag a-! , o~, -.:Alix-toirs minute,
00crcutrstlono d- l ct A> d.atr l'aii' cxpiri. 1'., frm', do chaous fonction sout d'abord ý-tjblie c-mpiriquena-nt
6 I ½ide 34 grandIrfis coilnuc s vsitsccnr rSt rpsnteE du tapis; prxchoinicu:, r-n-langer &,t-eux .16tqrnain~c U'G,, t d,_

C : 2 oiume oxi- rn reiruli, A Przide d'uns pcmye d'Atslonn'ge!. Exesuitr. el2p eact ' oduits r oncquition 'Jgc--
bro.qus rw~uovit; urie d~~e da tutiftiou-, connue boup ie ncrn d- z6greonion po~lynomi - c.Ccttr CAthodc Loiarnt
Le wc, officients i ctv-tW'r.nnsgr, quc lntrAduits dans Xe jeogrorno d'ergoab'tzie; pensvttent do rfitrouver ut'sran

£ ic-r d'nintie cc ncunnue aL partir u'un vignal digital "'obascrvG" pot ie coiculoteur. Sule pecmet or ojutrc It corT.--
v'-r efficece;nei~t In/; di It-sen sorc,!s de, u.-linjaritA' cons sle rtjponcEs (tes ijipareiodcrgcrmn(td
tranaciaeion. La vi]fliitA' des colflicionto d'ttolonnagu ea-,t rbguli!ýr"'tcct v`.if`2aýe, pbr ri-ti trvtion du progrormme
d'. v;-rficsticn do la cA.'acbretxen (ý2). LA caloivitaon dram anrjlye.urv de- gun _s',ffectuc so mopesl do m"'lanpet; de
gaz 6toiono d-, grcstde "recision m'l 92 1'20dAIR Lliq'l2L 'entrant C Cu2 , ;4 La OIcucntrmtion de osc gusA
ne peut /arier cue de-1

-t~~~ La c-thodr :regotr u utilirn,ýe ctr cellsc AP R.A. NiiUCE (4) avec effort mnyimoJ. tsr tapim yo'u-
lert. La ju jert tectA% ort pnir.6l'-ctionnt. per usi cy~amen cliniqcomlL: Xd thorax, ICC w-1 rsiljnt 0 den
61prcuven do Ito fonction respirotoirs, insluant ls ataure dui 'olurce riuidusi. Pendant le. tact, le re~jet respire
eni circ:uit ouvert ma- moveia d'ur. ""sqwýe napj'iqut" hark:o~ct,; Ar Vt tn
Assf gesz expirinj Lrnt ritcolttr mci; ie bac c,ýIcngeur dgt uSI~k~iS'. La shargis impact smu sujet inst scenic-. tos~tof
lrrn trots minaui tessan intorruption de ie course, vucinant In. protocols do H.A. BRiUCE. So prograsviv/itC ctot-

nrpermtýt d'obtsstr ur. otcornt-r'r,nt quasi-]in,,oira dcr Is comromrmation d'oxyg~aa (Ci )o L't-pralver cat anrr-tAl,
lorsquc ilm capacitA atroblque maxfl'Aale (Qy£W) est attuinto. f(Leax, enitersa phypiloiogtuas 2 In frqutinca car-
diaque et Is quotient reopirmtoii-e) (QyP) pemtetd'spprkoter ai Is VU 2';AZ eat atteinte. Touttoi Leam inutt -%
4p 11i&,rr-uve, le qrantrm vventa "oat otfich~a par le jr u~qr. In 'chnrie en watts Ite volume ni
par' Monuta (Viiy) enI litres (Ain BlypD is 9O000 en lit-ee min- at sLkig- f in STP : In VCou en litres t~in"
4AiPlI ; Is frtqoceicalr vsopirst(ors msin- (1F) I le quotient rospirnteirs (rjR) I l'G.qulvslent 11 eopiratoira (i'1
ia frt'quencr- cnn idiio. W;C 0,t, is ui oxygine en mt.

I' Atuda rtotiatique initials set r~asivft.e our un 6ehanti lien do 156 isdividuo de rcexe macculls, comn-
prasant autzsi hiorn der, sujstc. phyci'iuamsnt catralanýs que d's'atrss naexsrgnnt unsaport qu'A tatrel oourioannclLI sinami que queliqan r.;tcsnt',irri. LwnaS la i multi 4 do _C-t Aschantillon eat comatitu~e par desn coadi'ata Alt-Iefm-
p3 later et Il'utrfe m& '2j6 par dles c'sri'idots pilot's F-16.

lDaen aetna. proml~re Atd cnarot 6 I'Ati,hiisuement do nonsag au mopesn d~un 6chartýIlon 6i )5(6
.4.erwnn-mma 0 '6ien diffire-nts et r-. ,.p- 'ac 1ýttc-ai',rntzi'lchr cVvIlAO uvai-i-vt lea ri.su11atet suovantz

d 111 ' w e'yen"co(I IfSP den pazAm~tresj eroti'w -L biom.ttiiques ujent rnssomb.l4a Oneis ia 'Tublec I.
fOlos , n ce'npsr6 rce rucuiZ~tats ynvos ceux dP RA. IAtIl-if (1-SA) atý Jc V11h; ALL HI (TAIWM~j ut4 SL 11 Me~ie
'sýAhOdta do fld1U*, at comptsý trots des difftu'sn'oms d'BEge rt de' poids a-ntis lee tzcim 6ohuz~tilloncr, I& ourt-couJn-*1
dance Psa mrot's b)inn. Uni qute (romPeraCý-on entre net r~sultats at cals JPs M1WZ;i2 I/- f Tt114T RA. (1J.1 uti-

c-VI lant. 2v toA i no Iatsrromnjea de 'PAY WI at scwa-es PAITUIt .2Y ;VIA1L 4.-A. et `1LLIM 11,Y'. (^6) utliiieurit. le t~at
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intert~oapo de TAYWfl.NJMI`~E1L a 6t4 r~aiia6a. Ici igalimaot, campte tenu dexi s'%yexnaa3 do 2AAge et du poids
des 6rchantiiionn exeAini~af is correnpondanca. cat boune vair If. ¶Cahiern II.

T'm T;TTF vO K7 o, I -s ouaaWV IC k
*AUE TAILLm . :2011 2 Z.- ! v DUREL CILARGE

anns Cm kg Ipk1 *- I'h m Ln. min- min natAt

25oŽ 17,4 72Ž ,13 3,5 321 Ii lA ¶1, 0,4,6
b,7 36 94 Q435. 0,57, t. 0 4  1.9 -1, - -58,6

TASIZAU I I SflU0XCflRL'r OUR TAPIS 2JhJIANT A 1A JA.A.F. PARAHWIWS £RGOKtW2FdU&ý
rr DIOCCL'lJsdUS O)36RVS5;- I 1) (N =1-)

AU 7UR% BRUCE U.k ipo C NED FA RE) N M YLES (UlK) 'nriOu (UAA)
___ ~ ~ """"'~' (TAIWAN) _ _____

I LHETODLS BRUCE BRUCE BRUCE AW AYLC*I-

AG & 51ei 5,1 t2,4 11 43,r1 11+ -54 5 ,2 1,iwws

JI .IS g 295-7,4 72 4. 8. 64 7u, 6 '1d 192 2,

M L 49, ,7' '?1 ,U4 ;+Q,:' 6,9) 5, 601 301

e in 112, 1?,:.
ikk 31 1< 6 675,

T _EU 1___I__OL 5NDE j SAiRO~WERC4LTRII: -ýV TAPIS ROULAN'T svUO Dznrsrý

Par un progrornrx Ldo r~gresuiccn nflti1 Jo, 9000i uvonis crsnztt$ý quo, sonic ion vrsi~r tron T,,Xsttd '6 Co
* et9etojt ieron lax ec~rvrrle 2voc lI" t'Oj:AX mitg win o .t Clueo I n viraxootr';, fl:e 6taýit Lien cotrrd 1.6 avec Jul

po'c dxi le to mlcg- mlin- . L a Aquaintons do rigtomvoiom CA) 1.,t (h.1; lr"ettenc. do oai'zotor lo6 v'iea.tt. ;nc-'
dito:; (tionnoe, do notreý cchanti Lon. (1t 15,¼1 voir ý1vtolkhienju !It.

%,!`,AX P)E lWD mig Ip V2-,T.j)i ~)O36(g anujl 6,375 CDIR) (vt)

PWTLFi VU 2 P1l1. Bi;Lg 3,2417ý-o,u2is5(aOu at-a) : ,4o6Ž2 (oaif (b)j

TA1"LAU T11 'tILWT 661 B27,0( A IA &SA.F. ; FOXlULZ.d We; lIDtxhLT~IW C1K7141).

Lot- dkvltxi :.n otann'>cirt: ikLou(Lt trot roip'w,,rvouont U,375 n-kg, M ini pot1 l~a P*14)/IS at
rilkg Mir, pour Tn 1 1 elnte. Uer; Oquattonot (a, at (t,) bcnmert tire utiliiLer ouhtwe floiler: lot-fl viiiourxm'b

*ditw ion VOi,- kg v de penie-1,95 Y rAdtk pc;!ivenL otire adoptitos cwnrc o,,tnlr. int'ýruitaz do 1 iinyrnaliii6
<i 0,0,5). *

bur it- rmin' 6chvntilon, noun onvonn colcuii. 1po corr-kialtun,, enir.! lic vaicurs do tcJ;AX kg.I ab-
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RELATIONSHIP OF CARDIOPULMONARY FITNESS TO PLIGHT PERFORMANCE IN TACTICAL AVIATION

G. R. BANTA, LCDR MSC USN and J. D. GRISSETT, Ph.D.

NAVAL AEROSPACE MEDJCAL RESEARCH LABORATORY
NAVAL AIR STATION

PENSACOLA, FLORIDA 32508-5700 USA

I

SUMM4ARY I
'This paper describes current endeavors to identify whether cardiopuimonary fitness

can positively influence flight performance in a tactical fighter community. Population
analyses of experienced and student Naval aviators present evidence that the U.S. S
Naval aviation pilot comunity is in an above average state of physical fitness with
less than average coronary heart disease potential. Correlations found in this study I
between cardiopulmonary fitness and psychophysiolog~ca] responses that occur during
simulated and/or actual flight operations present strong evidence that flight
performance could be favorably affected.

INTRODTJCTTON

Numerous studies havG shown a direct relationship of cardiopulmonary (aerobic) fitness
to work performance (I). One with good cardiopulmonary fitness uses a lower percent of

2 9 his aerobic power for any given workload. Cardiopulmonary fitnuss has also been shown
to improve cardiovascular function, reduce overall physical/mental fatigue, and enhance
cognitive function (2, 3, 4, 5). Additionally, the onset of cardiovascular diseasei
seems to be less in a population of physically fit individuals. The incidence of
coronary heart disease (CHD] and its impact on the U. S. Navy and Naval Aviation is a
growing concern (6, 7). Discussion of risk factors such as hypertension, body fat,

Ssmoking, niholest'rrcl level:, and lauk vf exercise are ever increasing in the literature.
Sudden incapacitation due to cardiopulmonary disorder is a serious, but rare, event
among aviators. Cardiopulmonary disease, however, to include coronary disease, hyper-
tension, arrhythmias, and chronic obstructive/restrictive diseases produces a significant

; iloss of nighly skilled and expensive aviators usually at the mid-point of their flying
career (8, 9).

Two concerns have now been presented: (1) what is the cardiopulmonary makeup of
the young incoming aviators currently being trained who in the future will be flyinjg
our Navy high performance aircraft (HPA)? How do they relate to the general population?
(2) What Is the cardiopulmonary makeup of our experienced, yet older, aviators presently
flying HPA in the fleet? How do they compare to the incoming students?

Assessing cardiopulmonary capacity or fitness in a clinical/laboratory setting .:s
not new. Assessing, however, any relationship of aerobic fitness to flight performance
in aircrew flying simulated or actual HPA expoced to frequent and repeated environmenta!/
operati.o..al tz(ksuch an excessive 4 6 loading, high pulmonary demands, disorientation,
extreme visual tracking requirements,'multiple cognitive function demands, etc.), is riot
well known. It has been known for years that various operational exposures, especially
acceleration and disorientation, stay affect some physiological responses (10, 11) . --.-

Monitoring of these physiological responses, principally, heart rate, temperature, and I
muscle tension during flight have also been common place for years (12, 13, 14, 15). Whatb
is not common place or common knowledge and is the purpose of this study; is to determine
whether cardiopulmonary fitness (aerobic fitness) has any influence on those physio-
logical responses and what that may mean in regards to flight performance (simulated or
actual) in naval aviation fiahter communities.

METHODS

To date, Ii male student and designated Naval aviators in the age range of 21-40
have been evaluated. Eighty-four of the subjects were student Naval aviators going k
through various stages of training at the Naval Air Station, Pensacola, Florida. Twenty-

,:• seven were HPA designated Naval aviators asslgn•4d to fighter air......t squad,vs.tq Naval
T-1 Air station Oceana, Virginia. Test protocols were devised to assess cardiopiulmonary

Jffi7iency in bot laboaoyadfed(qarnsae) vrnet. Tets
batteries conuisted of: (a) pulmonary function testing to assess lung capacity and rule ' '

out obstructive/restrictivt disease, (b) cardiovascular, pulmonary, and metabolic respons.
during maximum treadmill exercise (Bruce protocol) to assess aerobic fitness, (c) blood
chemistries pre- and post-exercise to assess coronrry risk factors, and (d) body
composition to assess any relationship between percent body fat and work performance.

I. -..
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Following comparison analyses between grouls, correlation analyses were conducted
between cardiopulmonary fitness and additioncal psychophysiological variables identified

F to be significantly associated with flight, performance;

Comparison of Cardiopulmonary Fitness 4nd Motion Sickness Susceptibility:
TWenty-rnie student Naval aviators participated as subjects. Motion
sickness susceptibilivy was determined by using a Stille-Werner Rotator
during a modtfed Brief Vestibular Disorientation Test (16). The test
consisted of a constant clockwise rotation at 18 rpm with eyes ctored
and head tilts against the direction of rotation every 30 seconds for
a total of ten minutes or until the subject requested to abort due
to symptoms of motion sickness. Spin time, heart rate, respiratory
rate, and skin temperature responses were then analyzed in relation
to levels of cardiopulmonary fitness.

Comparison of Cardiopulmonary Fitness and Visual Acuity: Thirty-four
student Naval aviators were used as subjects. An automated vision

I' test battery wir used to assess central and peripheral (static)
acuity and peripheral movement detection. A Dynamic Visual Acuity
testing device designed by Burg in the 1960a (17) anid modified with
Landolt C targets was used to assess decrement in visual acuity
ship with cardiopulmonary fitness were conducted with emphasis

placed on those dynamic visual envelopes determined te be present
during operational flight, i.e., 20 /sec, 50 /sec, and 110 /sec.

Comparison of Cardiopulmonary Fitness and Heart Rate Responre During
Air Combat Maneuvers (ACM) Training Flights: Eleven highly experi-
enced Naval aviators flying 23 ACM training flights on a Tactical
Air Comhat Training System (TACTS) Range were used as subjucts.
Each aviator was a member of an Adversary squadron designated to
fly ACM on the TACTS range during ttaining of fleet squadrons.
Aircraft flown were the A-4, F-S, and the T-38. The training flights
monitored in this study were classified as high speed with low to
moderate G loadlnV. Using a three lead electrocardiogram, heart
rate respoase was collected with an in-flight solid state recording 4
device ("Vitalog") every 2.5 seconds from pre-flight to post-flight.
G loading for each ACM event (fight) was continuously monitoredtand recorded using fACTS. Corrclatlons an.d differences of he•a LL
rate response i;eru, assessed for: pro-flight (includes time for
dress and walk to the aircraft), take off, transit, ACM, landing,
and post-flight (includes return to squadron spaces and removing
flight gear),

RESULTS AND DISCUSSION

Mean exercise histories, Naval physical fitness test results, treadmill duraticn,
and recovery time (Table 1) placed the student Naval aviator p)pulation in the "outstanding"category of overall fitness. .Metabolic efficiency during progressive absolute working
including max oxygen uptake (Vo max), :elati-,e aerobic capacity per absolute work ratio,

anaerobic threshold, and functignsl aerobic impairment (FAX) (18) demonstrated an above
average group based on other population Etudies. Pulmonary function revealed average
efficiecncy an, lack ot any ob.uie m rctrictive disease. Iody composition,
including grip strength, revealed average strength, yet lower than national average
percent body fat J19). Coronary risk factors utilizing the USAF Coronary Artery Risk
Evaluation (CARE) (20) demonstrated a relative risk of 1.4 times for developing coronary
"heart disease as compared to a population of equal age with baseline values. This value
is substantially less than that found in the general population with a relative risk of
3.0.

For a population close t', 10 years older, the designated aviator group was not
drastically different in ovexill fitness from the student aviators. Mean exercise
histories, Naval physical fitness test results, metabolic efficiency, treadmill duration,
and recovery time placed the designated Naval aviator population in the "good to excellent"
category of overall fitness. The most prominent differences were found in coronary
risk factors (principally smoking history and age) which expressud evidence of a greater
trend toward future coronuary heart disetse. The Coronary Risk Factor (CRF) of the
designated aviators of this study could not be determined due to the blood samples
being destroyed in transit to the main laboratory.

LbCARE asseates the risk factors of age, smoking history, systolic hlond pressure, and
total cholesterol in comparison to a similar population with no risk factora., Anyr
number greater than 1.0 represents .'degree of risk which potentially could be reduced,
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Motion Sickness Suscejtibtlity.

r Results of the BVOT demonstrated that there is an inverse relationship between spin
abort time and cardiopulmonary fitness, r -. 506, p <O.Cl (Figure 1). Analysis of
heart rate, respiratory rate, and skin temperature differences, however, revealed
limited differences. Motion sickness symptoms, i.e., nausea, pallor, sweating, and
sometimes vomiting are associated with impulses atising within the chemoreceptor
trigger zone (CTZ) of the brain and by indirect stimulation (stomach) (11, 21). If a
physiological basis is to be identified as causative factor for these findings vagal
tone enhancement might be a likely candidate, It is well accepted that aerobic fitness R
training enhances vagal tone. The sensitivity, however, we are seeing in cardiopulmonary
fit subjects may be due rather to neurophysiological conditioning than cardiopulmonary
fitness. During the course of physical fitness training, an individual is conditioned
to expect certain relationships among motion sensory inputs: vestibular, vision,
pzoprioceptive. The sudden unexpected change in these ielationships would thereby
accent motion sickness impulses. Experience seems to allow for motion sickness desensi-
tization: however, very susceptible subjects may not be able to progress far enough in
their training program to acquire thit nezessary experience. If neurophysiological
conditioning through fitness training is a causative agent, the simplest approach may
be a desensitization program directed at learning new motion patterns, i.e., new sensory
association patterns to successfuilly prepare or return susceptible crewmen to flight
without motion sickness.

1 7 Visual Acuity.

Statistical review of the relationships of cardiopulmonary fitness with static
visual acuity parameters did not reveal any significant correlations in the student
Naval aviator ,qc range population. Mean Dynamic Visual Acuity threshold values
(minutes of arcj increased from 1.69 + 2.50 at 20 /see to 3.94 + 1.80 at 110 0/sec
representing an equivalent visual acuTty of 20/30 - 20/80. Dynamic Visual Acuity at
angular velocity of 20 0 /sec was not found to be correlated with fitness; however, ISdynamic visual acuity at 50u/sec a,a 110"!sec e..,pressed a cardiopulmonary fitness

influence (r = -0.40 and -0.58 respectively, p •0.01) (Figure 2).

Visual acuity has been shown to deteriorate as the angular velocity of an object
increascs (22). The variation in ability to discriminate detail in moving objects
initially seems of little concern except, in the conditions of high speed, low level
flight, air-to-air combat, and potential mid-air collisions, Practice On dynamic visual
"acuity at. higher angular velocities has shown substantial improvement (23). Considering

A that cardiopulmonary fitness may also influence dynamic visual acuity enhancement
certainly warrants further study in this area.

Heart Rate Response During% Air Combat Maneuvers (ACM) training flights.

Many reports of heart rate increases during take off, flight, and landing have
been found in the literature that date back as early as the 1930s when heart rate,
systolic blood pressure, and respiratory rate data were collected on aviators during
aerial acrobatics (12). Table 2 and Figure 3 describe similar heart rate increases
of the designated naval aviatour of this study during monitored ACM training flights.
As a~population, heart rate was found to significantly increase from starting heart
rate , during pre-flight, take off, transit flight, ACM, landing, and post-flight
(P c0.05). Each flight usually had two ACM events while on the TACTS range. The mean
G loading during these events never exceeded 2.0 G. A heart rate lag was usually
seen following the G loading, which was found to be correlated with mean G. This lag
was most significant (P c0.01) the first 60 seconds following each ACM flichlt. A
iympathetic response to f -cria-e van--u-ar tone to maintain cerebral blood flow following
the rapid G onset is most likely the causative agent. Centrifuge studies have
identified similar findings (24).

Smith, in his study of heart rate response during takeoffs and landings (25)
observed that heart rate renponse appeared to be similar in magnitude. These results
prompted the conclusion that "for the came amount of stress, the percentage increase in
heart rate is independent of subject variability." In our study, flight experience was
common and type of ACM flights and environmental conditions were similar. Therefore, we
could assume a similar amount of stress was presont, We found, however, that the amount
of heart rate response was extremely variable among the aviators in all phases of flight.
We also identified a physiological variable that was different among the group and that
it appeared to be producing a significant influence on the heart rate response. The
variable identified was cardiopulmunary fitness as defined by maximum oKygen uptake
Km max). We found that heart rate response was inversely correlated with cardio-
puldionary fitness (Figure 4). This was true for pre-flight; r - -. 595, take off;
S= -. 61.6, transit to th'a ACM range; r - -. 601, ACM; r - -. 565, return transit to base;l-'
r - -. 604, landing; r - -. 559, and post flightl r = -. 601 (all P <0.05). The amount of
heart rate lag response to ACM though, was not found to ho correlatcd writh -,ArdioPulnh"uary

"starting heart rate is defined as the heart rate at time of activation of the
monitoring device during flight gear doning.
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It is difficult to determine whether a relationship between heart rate response -
and cardiopulmonary fitness means anythin" in regards to aircraft performance. In other
words, can we say that an increase in cardiopulmonary fitness will help an aviator fly
bettr? Soome investigators question whether cardiopulmonary fitness is of any signif-
icance at all to actual flight of the aircraft. Heart r&te response in flight has often
been used as an index of both physical workload and mental stress (26, 27, 26). If we
were to ignore mental stress we could feasibly compare heart rate response during each
phase of flight with a similar heart rate response occurring during treadmill stress
testing (1). The purpose would be to convert the recorded heart rate into corresponding
estimated oxygen uptake thereby allowing prediction of the relative aerobic work

(energy cost) of performing the absolute (physical) work occurring during flight.
SAttempting -his approach in our study, however, we were unable to demonstrate the same
relation with cardiopulmonary fitness as we did with just the recorded heart rate. This
would suggest then, that the "mental" component of the workload would have at least an
equal if not greater weight than the physical component in producing the significant
relationship found between heart rate response and cardiopulmonary fitness. Tf enhancedS~~performance capability in flight is demonstrated, it may be actually a sense of well •+
being or self confidence derived from individual fitness. It is interesting to note
that self confidence and/or well being have been identified as prominent results of
fitness training and have shown to be positive factors in enhanced work productivity (2).

Unfortunately, we have not been able to select a means of accurately rating pilot
performance for each flight of the experienced Aviators in this study. In view of I ....
their data stress test, exercise history, family history of coronary disease, and
heart rate responses in flight), however, it is hypothesized that their overall
productivity (flight as well as non-flight) would show a positive relationship with
their cardiopulmonary fitness.

CONCLUSION I9I
it is appareit from tre results acquired in this study that the fitness profile jS(cardiopulmonary and coronary risk) of our incoming student Naval aviators is of high

caliber. Although maintenance of a similar level of fitness is somewhat less in the
* designated aviators 10 years older, the importance and consistency of maintaining a
* "good" fitness level appears to still be present.

Comparison analyses of cardiopulmonary fitness with other psychophysi.olonical V
& rt:pusibva during simulated and actual flight present a strong evidence of a favorable

cardiopulmonary fitness influence. This influence would thereby also suggest enhanced
performance during flight. Expanseon of this project has now resulted in the following

-I additional analyses of the relationship of cardiopulmonary fitness to flight performancene
in tactical aviation: (1) a cunparison analysis of cardiopulmoosry fitness and
cognitive function is being conducted using student Naval aviators as subjects. Each

-1 subject, after having their cardiopulmonary fitness identified take a variety of
psychorotor tests including: comprehension, analytical tasking, target identification,
short term memory, and reaction time analyses. (2) additional field studies are
being conducted that include in-flight physiological monitoring of HPA pilots during
carrier launch, recovery, and multiple flight operations, and (3) G--tolerance of those
HPA pilots evaluated tor cardiopulmonary fitness will be identified by centrifuge testing.

11
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TABLE 1, POPULATION COMPARISONS

Student Designated GENERAL POPULATION
Naval Naval
Aviators Aviators

Resting Heart Rate (BPM) 63.3 + 11.5 63.5 + 11.7 72.0 (21)

Restaln Blood Pressure (mm Hg) 119.1 + 9.9 121.1 + 9,3 120/80 (21)
76.1 + 7.7 73.4 + 5.7

AGE (Years) 23.9 + 5.6 31.7 + 3.6 20 - 44 (31)

HEIGHT (cm) 179.9 + 6.9 181.7 + 6.5 176.8 (31)

WEIGHT (kg) 77.7 + 8.5 81.2 + 9.1 78.6 (31)

BODY FAT (1) 12.0 + 4.7 12,8 + 4.4 15.0 (19)

S*EXERCISE HISTORY 73% 54% NOT AVAILABLE

CORONARY HEART DISEASE
(CHD) HISTORY 0.2% 11% NOT AVAILABLEi

GRIP STRENGTH (kg) 50.7 + 6.8 53.1 + 7.8 49.0 (31)

SMOKING HISTORY 0.08% 16% 35% (34)

F VC (L) 5.9 + 0.8 6.0 + 1.0 5.57 (29)

FEV1 (L) 4.7 + 0.6 4.5 + 0.7 4.49 (29)f FEV (25-75) (L/SEC) 4.8 + 1.1 4.5 + 1.1 4.87 (29)

TOTAL CHOLESTEROL (ms/dl) 380.9 + 48.9 NOT AVAILABLE. 220 (34)

F HDL CHOLESTEROL (mg/dl) 48.8 + 11.8 NOT AVAILABLE 44.0 (30)

TC/HDL RATIO 4.0 + 1.4 NOT AVAILABLE 5.0STRIGLYCERIDES (mg/dl) 81.2 + 38.0 NOT AVAILABLE 104.0 (30)

CORONARY RISK FACTOR (CRF) 1.4 + 1,2 NOT AVAILABLE 3.0 (20)

1.5 MILE RUN (MIN) 9,5 + 1.0 10.2 + 1.2 11,0 (32)

SITUPS 76.5 + 13.6 75.0 + 23.6 NOT AVAILABLE

SIT AND REACH (IN.) 4.6 + 2.5 2.5 + 1.1 NOT AVAILABLE

Vo MArX (,q'k .-t,mtnj-I) 53.7 4 . 48 .7 + 7 .4 45.4 (18)

TREADMILL TIME (MIN) 15.9 + 1.7 14.6 + 1.4 11.8 (18)

ANAEROBIC THRESHOLD (%) 61.7 + 9.8 62.7 + 5.8 NOT AVAILABLE

MECOVERY TINE (INI) 30.3 + 12.9 32.2 + 13.3 NOT AVAILABLE

RELATIVE AEROBIC CAPACITY 0.65 + 0.7 0.77 + 0.08 NOT AVAILABLE

FUNCTIONAL AEROBIC IMPAIRMENT
(FAI) (%) 8.0 + 7.7 7,1 + 9.5 NOT AVAILABLE

.. ,, ~Exercise history described as routine exercise 2-3 times per wee6 for 20 .- 3U minutes each. : "

Relative Aerobic Capacity 10 the percent of maximal oxygen uptake (Vo2 max) utill-ed at Stage 4 of
the treadmill stress test,

Functional Aerobic )spatrment (FAI) is defined as the percent deviation between the oboerved and ..j'±Y> , 1
predlctea value) tor Vo2 max.-.

:+L9.i , .•,-.............. :,+ __
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TABLE 2. MEAN HEART ELATE AND FLIGHT PROFILE DURING AIR COMBfAT MANEUVER TRAINING FLIGHTS

START PRE FLT TAKE OFF TRANSIT I C A CH2 TRNI 2LAD PS T

HR (BPM) 78.5 + 94.9 + 100.5 + 91.1 + 95.7 + 99.3 + 92.8 4 106.2 + 98.0 +
9.5 11.4 26.2 23. 8 - 20.5 17.7 20.5 2-2.6 15.81

TIME (HINl) 25.3 2.0 1118 4.8 4.4 12.7 2.0 15.1

MAX +G 4.62 + 4.78 +
21.3 1.6

MEAN + G 1.81 + 1.98 +
20.4 0.4

. .1

J
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HYPOBARIC TRAINING OF F,.IUHT PERSONNEL Wi;HOUT COMPROMISING QUALITY OF LIFE
by

(son Montelie Herron, Commander, MSC, USN
Head, Aviation Physiology Department

Noval Aerospace Medical Institute
Naval Air Station

Pensacola, Florida 32508-5600

SUMMARY

The i.*creased incidence in decompression sickness during physiology training among
U. S. Navy aircrew personreel and medical attendants requires a search for alternative
means of perwiattinu rec.cgnitlon and corrective action of hypoxia. The requirement for
individual hypoiia training Is considered valid not just by Navy regulations but by
aeromedicul practitioners throughout the world. A proposal is made to utilize a gas
mixture cunsisting of 

7 .q% oxygen ano 92.6% nitrogen to induce hypoxia at ground level.
This would permit ground leve! hypoxia training with similar symptoms of hypoxia as
presently demonstrated at 25,000 feet in a decompression chamber but would alIeviate the
orimary cause of decompression sickness. All other U. S. Navy training objectives for
tne chamber e~posvre would be safely met and more cfficiently demonstrated.

The initial financial burden in modifying tlhe existing decompression training
c hambers would be moderate when considering development and manufacturing of a new
training device.

The ultimate gAin exists ii decreased human suffering and the necessary return of
credibility to the aeromedical training community. This is a must it we are to profess

"-.to 110 NO HARM.'

S•~H STORY ,

The Invention oý fthe air pump by Yon Guericke in 1650 allowed the first simuletion
of altitude. A moaifled version of this pump was made for toe renowned Robert Boyle for

IstudyOY living things. Boyle;s "The Spring of the A{-," published in i660 contains

faccunts of a multitude of studi-s on animals. Later in 1670, he described the now
famous "h . . . bueible moving to and fro in the waterlsh humour of one of its eyes," when
he decomprss-d i; qiper in hil "~ExhadusLed Receiver" (I). No attempt seems to have been
made to subject man to the "tortures" of the "exhausted receiver," although Boyle wrote
of his ambltion to have a chamber of appropriate dimensions.

One hundred and sixty-three years passed before man was the subject In an experiment
using Boyle's copper sphere with an Intermediate cylindrical section la-ge er.ouqh for his
subject (1). However, it took the genius of Paul Bert in 1874 to unravel the confused

stories of bal loonists and mountaineers to reveal the role of "oxyger• therapy" in
decompression to'subatmospheric pressure.

"It was in that same year, 1874, that Gaston Tissandier sought the advice of Paul Bert

and together with his colleagues, Sivl and Croc'e, experienced the effectiveness of
oxygen in combatlng the disorder of altitude induced hypoxia (1,2). At the insistence o,
Paul 8Art, the ba-loon was equipped with bags of oxygen (2). He had also trained thej bailoorists in the 'se of their crude oxygen equipment in his decompression chamber.
Thuis we have the first documented instance of aeromedical training of aircrew personnel
prier to the Initlatiorn of an altitude exposure. Unfortunately, only one year after that
rtaining, on April 15, 1875, we also find documented the first two fatalities from acute

Slac•,tude hypoxia. This occurred when this same threesome piloted the balloon Zenith to a
terminal altitude of 28,820 feet and failed to utilize their precious oxygen until they
had passed their useful conscious time (2).

a Over two hundred ý,nd sevrnty years had passed fro,n the expi;riments of Yon Guericke
and Robert Royl. until, in 1941, the decompression chamber became an integral part of the f .
aeromedical trainilng program of flight personnel in the United rStates Navy, Today, the
Nevy malntaies fou-teen decompression chambers for the express purp!)se of aeromedical
indoctrination and refresher training of candidates and designated aircrew personnel. 7,"The training objectives for the chamber are: (a) demonstrate and experience t ha
obltctlve and subjective symptoms of hypobaric hypoxia; (b) experience the effects of

J ltcreased gas volume on tile cavities of the body; (el) experience and demonstrate
comm.inicat fng and forced breathing against positive pressure; and (d) practice using
personal arid aircraft moune ed o.4ygen and communication life support equipment.

The standard chamber training profile Includes: (a) thirty minutes of
deni trogenation for medical attenJants; '(b) (round level positive pre sscr
br,;ahing/communicatior demoastration by trairnees; (c) ascent to 2o,O00 feet at 5,000
feet per minute; (d) one-half of students do hypoxia demunstrationo And then the other
,heIf take the!r tore while no one, remains off supplemental oxyqen more than four minutes;
0(1) desrceet tc. 16,000 feet at 5,J000 feet per minute; and (ff slow the descent from 18,000

a•"•i feet to ground level at a rate of 2,500 feet per minute. r,'.
V The first accumulazion of data on the number of persornel trained in the chambers

occurred In 1959 (3), Chamber training data ha3 been colvletted from that t-ine to the
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prg.ent (with the exception of 1969, 1970, 1971, and from I January 1978 through 30
Septdmber 1978). Since January 1, 1959 until September 30, 1984, 445,879 trainees have
experienced the decompression chamber. Each chamber flight requires that a minimum of -

mtao medical attendants (either physiologists or hospital corpsmen) remain inside to help
alleviate dysbaric discomfort. Data showed 100,318 medical attendant exposures in the
chambers over this same time period. The total exposures within the chambers for
trainees and medical attendants were 546,197.

OECOMPRESSICY SICKNESS

Disorders resulting from decompression chamber exposure are generally grouped into
either trapped or evolved gas disorders. Trapped gas difficulties are minor If, nature,
and are generally resolved by using techniques to equalize the pressures. Evolved gas
disorders are potentially more injurious to health and range to certain forms that may
result in death. The most recognized name for evolved gas disorders is decompression
sickness or OCS. It is believed that 0CS results from supersaturation of body tissues
with nitrogsn as ambient pressure decreases, a situation which leads to bubbles
developing in the blood and tissues. This supersaturation is due to the relatively poor
solubility of nitrogen in the blood so that the rate of decrease of the partial pressureSof nitrogen in the tissues on ascent to altitude lags behind that of the ambient pressure

(4). The U. S. Navy considers DCS as the most dangerous element of decompression chamber
training. Accordingly, precautions have been established to eliminate or at least
minimize the potential for OCS. Specifically: (a) denying chamber exposure to trainees -

who do not meet demanding medical screening requirements; (b) requiring thirty minutes of A
preoxygenation for the medical attendants to assist in denitrogenation; (c) requiring
,00% oxj en usage throughout the chamber ascent and descent; (d) decreasing the terminal -l
altitude achieved during any chamber profile; and (el decreasing the naiximum time
permitted at the terminal altitude. Additionally, excessive physical exercise Is
discouraged prior to and after chamber exposure, and aircraft flights are not authorized
for twelve hours post-decompression chamber training to an altitude in excess of 30,0o00
feet (5). However, these precautions have not eliminated nor significantly reduced tiie
incidence of hypobaric induced DCS. IO

SICKNESS IN NAVY LOW PRESSURE CHAMBERS
FRO I JANUARY 1959 TO 30 SEPTEMBER 1984

Total No. Cases

-- __________Exposure of DOS Incidence (M

FURRY (1 JAN 59-31 DEC 68) 1
J Students 252,564 266 0.100

Inside Observers 60,000 35 0.060
Total 312,564 301 0.096

BASON (I JAN 72-31 DEC 75) 7

Students 65,736 20 0.030
Inside Observers 13,345 46 0.340 4

Total 79.081 66 0.078

FURR (1 JAN 76-31 DEC 77)
(Unpublished)

Students 31,645 10 0.030
Inside Observers 6,470 20 0.310

Total 38,115 30 0.078

BASON (I OCT 70-30 SEP 81)
3 :" (Unpublished)

Students 47,380 39 0.082
4 Inside Observers 10,020 48 0.479

Total 57,400 87 0.152

HERRON (1 OCT 81-30 SEP 84)
(Unpublished)

Students 48,554 32 0.065
AV Inside Observers :0,483 30 0.285 'xi_

Total 59,037 62 0.105

GRAND TOTAL 546, 197 546 0.099

S4." i. I
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Investigations by Furry (3), fason (6,8), and Furr (7) reoorted the incidence of DCS
among chamber trainees and medical attendants. Their combined data tracks the number of
tDCS cases coroared to the total number of chamber exposures from January 1, 1959 until
September 30, 1981. This writer has collected the remaining data from October 1, 1981
through September 30, 1984, thereby making available similar data for a period of 22
years. All this data (Table 1) was derived from the U. S. Navy Aerospace Physiological
Training Quarterly Reports, NAVMEDFORM 6410/3 (9).

As previously stated, there were a total of 445,879 trainees exposed to altitude in
Navy decompression chambers for this sample period of 22 years. A total of 367 trainees
experienced some form of DCS duriog this period. This calculated incidence for the T
trainees is 0.08%. More simply stated, one trainee in every 1,215 developed the cigns
and symptoms of hypobaric induced DCS. With an average of 1,689 trainees per month being
exposed to Navy chambers, approximately one DCS case per month results from our existing
training procedures.

During the same tifle period, 100,298 chamber exposures were accumulated by the
medical attendants, with 179 attendants having been subjected to hyperbaric chamber
treatment to resolve the classic effects of DCS. Calculations show that OCS incidents of
0.18% have occurred in the medical attendant population. This has resulted in one
attendant experiencing OCS out of every 560 who participate in chamber training.

The combination of trainees and medical attendants who havo suffered from DCS
results in 546 cases out of 546,197 exposures, An incidence of 0.099% occurs; i.e.,
approximately one hypobaric induced DCS out of every 1,000 people participating In
decompression chamber training.

The statistics 6ollected from the various investigators through the years 1959 to
1984, demonstrate a trend toward increased incidents of OCS. Furry's data (3) from
1959-1968 reported an overall incidence of DCS of .096%. Bason's research (6) from I
1972-1975 showed an Incidence of .078% while Furr's data (7) for the next two years,
1976-1977, showed the same incidence of .078%. However, Bason's second work (3) from
1978-1931 showed a marked increase in incidence of .15% with the major impact resulting
w within the medical attendant community. The remaining years from 1981-1984 show a

f continual rise in OCS over the years from 1959-1977, but a slight decrease over the f
three-year period from 1978-1981.

S ttHYPOX IA TRAINING
-9 The apparent increase in the incidence of DCS among medical attendants raises an

inevitable question ii, the minds of the aerospace mediral researchcrs. Is it really
necessary to expose any member of the physiology training community or aircrew trainees
Sto altitudes in excess of the normal operational flight altitudes, inasmuch as such
ambient exposures are rare (8)? The incidence of OCS reported here suggests that present

ýeLo,,I eSSIon chimber flight prof.' e are in need of reexamination, unless OCS Is to be
dismissed as either a necessary risk or a mere "quality of life" judgment. Bason (6)

clearly reflected concern for the hazard of DCS when he reported "Altitude chamber flight
, profiles beyond minimum levels acceotable for teaching the effects of acute hypoxia
cannot be defended as long as less dangerous avenues are available." The question to be
answered is, "Is the risk of hypobaric Induced OCS worth the trainina achieved by
decompression chamber exposure to induce hypoxia?"

Other military armed forces are beginnIng to weigh the risk of decompression chamber
tralining. As reported by Cramer (10), "Since 1965 the United States Air Force has
treated 586 cases of OCS. four hundred and sixty-seven were altitude induced and most
occurred in training chamber situations." An exceptionally high ratio of United States
Air Force DCS cases appear to be resulting from training scenarios. A five-year study
ending in 1981 by Crowell (1)), reported 69 cases of OCS occurred out of 21,423 training
exposures (0.32%) for the Canadian Forces. These statistics would certainly drive doubt
into the mind of the most liberal of chamber operators.

Making a correct diagnosis of DCS depends greatly on the history the patient
presents; therefore, it is imperative that an accurate patient history be taken prior to
"training. Another reason to decrease the opportunity for altitude induced DCS is
presented by Murphy (12) when he and his co-authors reported on several factitious cases
of DCS, In one case at least a dozen hyperbaric physicians were involved by patient

- I exa,"ination or phone consultation. All were fooled by a "classic presentation" of OCS.
Due to tre potential severity of DCS, the experienced physician will treat first and ask
questions later. Harding and Mills (4) commenting on the predictability of OCS, report A--
that "Finally, and as of yet unexplained, true individual susceptibility of DCS does seem
to occur." However, consistent and repeatable prediction of susceptibility of Oy S has

.A not beer defined by way of a clear-cuL process whereby hypobaric training activities can
#4 employ this practice, Couple these universal statistics surrounding the increasing

"incidence of OCS with the apparent change in training philosophy as to the usage of the
hypobaric chamber, an Investigator must consider an alternatide to demonstrating hypoxia
to aircrew personnel without decreesing their quality of life.14;
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0DISCUSSION

Leaders in the aerospace physiology community contend that there is adequate
Justification to train aircrew to recognize and correct for hypobaric hypoxia, Har ling
and Mills (13) state that "The fall in total atmospheric pressure and the consequent
reduction in the partial pressure of oxygen (PO0) poses the greatest single threat to
anyone who flies, hypoxia." The United States Air Force contends that training students

to recognize their hypoxia symptoms is an important phase of the aerospace physiological
training program.

Charles Lindbergh (14) once wrote that training to recognize and avoid hypoxia works.
lHe stated that, "It saves lives."

Brooks (15) in reporting incidents occurino from loss of cabin pressurization,
supported hypoxia training when he wrote, "There were three cases of hypoxia, in which
the pilots recognized their symptoms and followed established procedures leading to an
tneventful landing which may be attributed to effective aeromedical training."

Ernsting in May of 1984 (16), declared that "The most important single hazard of
flight at high altitude is hypoxia." He continues, "All aircrew should receive initial
and refresher training in the effects of hypoxia. It Is highly desirable, and indeed in
moast Air Forces It is mandatory, that this training includes personal experience of
hypoxia in a hypobaric chamber."

However, the serious nature of the threat of hypoxia and the probability of
occurrence of this threat continue to be the pivot-point around which all other aerospace
physiological disorders revolve. Ernsting (16) reminds us not to overlock the large
individual variat;ons In the effects of hypoxia and the modifying effects such as mode of
exposure, rate of ascent, physical exercise, temperature, etc. Inducing hypoxia by way
of decreasing barometric pressure results In a variety of changes in respiration,
circulation, and blood chemistry that can't avoid masking or complicating the actual
individual effects of hypobaric hypoxia. Harding and Mills (13) report that in moderate
hypoxia, such as breathing air at 25,000 feet, cardiac output and heart rate are
increased while the overall, peripheral resistance is reduced, Rahn and Otis (17),
comparing different altitudes, reported that the higher the altitude the greater is the
ventilation, the larger is the initial rise In the alveolar respiratory quotient, and the

& lower does the alveolar PC02 fall. Bason (6) reports that changes in hemostatic
systems have been discovered following decompression from both normobaric and hyperbaric

ihiýludc loss of circulating plate)ets, Increased serum fibrinogen, and an Increase In

certain serum enzymes.

We have reviewed the seriousness and life threatening dangers associated with tCS
while confirming the requirement for Individual experience with hypoxia. Accordingly,
hypoxia demonstrations at a safe altitude such as ground level would appear to alleviate
many of the major and minor maladies resulting from altitude Induced hypoxia. Ground
level training world alleviate the aerodontalgia, vasovagal syncope due to abdominal gasiexpansion, aerosinusi tis, and barotitls media. Ground level training would neutral ize

the complications associated with Boyle's law, Henry's law, and Charles' law. The
question may be asked as to the best way to train students in mechanically relieving the
"build up of trapped gas in the ears and sinuses. In response, the prevalence of ear
blocks clusters into two communities: (a) those individuals with respiratory ailments

Swho should have been medically screened and placed in a grounded status; and (b) those
inexperienced individuals who have not mastered the technique of valsalva. Ground level

* training will permit valsalva practice in a controlled manner without th p presence of
pain resulting from a pressure differential between the middle ear and the chamber

• • envi ronment.

Now all that re,.ialns is to develop a means to safely induce ground level hypoxia to

aircrew personnel which would allow for individual characteristics of hypoxia similar to
those experienced in an actual aircraft hypoxic incident,

MIXED GASES

The actual composition of dry atmospheric air does not change from sea level to
70,000 feet. The air is composed of 20.94% oxygen, 79.02% nitrogen, .04% carbon die.xide,
"and a small percent of rare gases. Any decrease In the percent of inspired oxygen will
result Inr some degree of hypoxia. The questions to be answeree are, "What Is the
correct percent of oxygen to use and what should comprise the remaining gas?" Through
personal communications, Dr. Christian Lambertsen reported inducing hypoxia to divers
training with self-contained breathing systems in order to demonstrate the risk of
improperly preparing the gases making up their air supply. A great deal of wor k has been
done with mixed gases "tin pulmonary function and gas transportation systems. These
usually dealt with 6% to t% oxygen systems at ground level. West (18) carried out
measurements of maximal exercise to throw light on the way in which the mountain 2
climbers, Mdssner and Habeler, were able to reach the summit of Everest without
supplementary oxygen. He used a bicycle ergometer at Camp 11 (2C,700 feet) and gave tht.
climbers Inspired mixtures containing low oxygen concentrations. in this way, it was -.p '

pos;seble to measure maximal oxygen uptake with the inspired P02 of 43 mmHg which is the
same as on the Zverest summit (29,028 feet). 4-.

- ,A
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Most mixed gases research has I rivolved oxygen and nitrogen. rhe impact on
4 i resp~ratorv quotient, hyperventilation, and conflicting symptoms wIth hypoxia have

steered researchers away from including carbon dioxide as one of the mixed Gases. For
those reasons, the mixed gases to be used to induce hypoxia at a safe altitude should be
oxygen and nitrogen. What remains to be decided is the "quantity of each gas" to be
utilized to satisfy the training objectives.

Much research has been accomplished to determine the partial pressure of oxygen at
the alveoli at practically any given altitude. Since the Navy has a fixed requirement to
aemonstrate hypoxia to its aircrew personnel at an altitude of 25,000 feet. the logical
conclusion would be to mix the gases in pressures that would impact the body as if it
were at 25,000 feet. Most researchers agree with only slight variation as to the
alveolar P02  at 25,000 feet. Harding and Mills (13) report that most physiological
changes occur within three to five minutes of sudden exposure to an altitude of 25,000
feet by which time the alveolar P02 is 30 mmHg. This is consistent with the trend of
decreasing alveolar P0 2  with increasing altitude. Rahn and Otis (17) report alveolar

P02 to be 33.4 mmHg at 22,000 feet. West (12) reported an alveolar P02 of 35 mmHg atan altitude of 21,300 feet.

The resultant alveolar P02 at 25,000 feet is primarily dependent on the inspired
P02  at that altitude. ihe gas equation (Figure I) can be utilized to calculate the

* , inspired oxygen in mmHg and/or percent of oxygen available at 25,000 feet. Once this
factor is known, the same equation can be used to discover the ground level requirement
in percent of oxygen that will provide the 25,000 feet equivalent in mmHg of oxygen. At
25,000 feet the barometric pressure Is 282 mmHg. Subtracting the constant pressure for
water vapor of 47 mmHg results in 235 mmHg of remaining gases. Multiplying the 235 mmHg
by the percent of oxygen available at 25,000 feet, 20.94% will prývlde the mmHg of oxygen
available in the inspired air at 25,000 feet. Accordingly, 49.21 mmHg of oxygen is Iavailablp in the Inspired air to each trainee during a 25,000 feet hypoxia

demonstration, I

A FIGURE 1. GAS EQUAlION SHOWING DETERMINATION OF GROUND LEVEL
AND 25,000 FEET INSPIRED OXYGEN EQUIVALENCE

Ground Level 25,000 Feet

7inU mmHg 282 mnmHg

-47 mmHg H20 -47 mmHg 1H20

TT7I mmelg 235 mmHg

W20 mmHg of Inspired 02 X49.T4mmHg of Inspired 02

Using the same formula but using the ground level barometric pressure of 760 mmHg, L
one can calculate the percent of oxygen required to provide the same inspired partial
pressure of oxygen at ground level that exists at 26,000 feet. This is 6.9% which
translates into an inspired partial pressure of oxygen of 49.20 mmHg. 4

"1 Presumably, if the inspired partial pressure of oxygen is equal at both altitudes,
Sthen the alveolar partial pressure of oxygen will be equal. Enough physiological

equality will exist to result In similar experiences under hypoxic conditions.

However, the proposed ground level gas mixture contains an increase in nitrogen from
70.07% to 93.1%. Zn 1946, Fenn, Rahn, and Otis (19) reported that when there Is an
increase In partial pressure of nitrogen, then the alveolar partial pressure of oxygen "
wll be affected, With an increase In nitrogen of 15.0% there is a change in partial
pressure of oxygen of 2-3 mmHg. This is equivalent to a 0.5% requirement for
modification to the delivered partial pressure of oxygen. Accordingly, it is expected
that by increasing oxygen to approximately 7.4%, the resultant rise in alveolar PO2
will bring about the equivalence sought atter.

Another concern that must b i noted when increasing Inspired nitrogen is the
potential for DCS. Additiunal precautions are not considered necessary for the r -,

prevention of DCS for environmental exposures as minor as proposed here. The proposed r W
procedure for post-hypoxic exposure, that of switching to 100% oxygen and positive
pressure breathing, will greatly assist in tissue denitrogenation. A possible advantage
to ground level induced hypoxia followed by denitrogenation is that the physiological
training sites will not be required to aeronautically ground the trainees for a specified
period of time.

Y2'1! IRAINING EQUIPMENT

4 I The existing Navy aircrew personnel training quotas dictate the time allotted for
physiological training. Accordingly, mass hypoxia demonstrations will remain a time
efficient necessity. After rather simple modifications, the existing decompression
chambers can effectively and safely satisfy the m.oposed tr5inirn procedre. All Navy
cIeambers have primary and secondary o~gen sy.,.i.ems. Completely isolating these systems
is required. One system will continue to deliver 1001 oxygen while the other system will
deliver 7.4% oxygen and 92.6% nitrogen. The addition of a mixed gas delivery manifold A £
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s stem will be required from the bottled source to each trainee console, A trainee
console must be manufactured to resemble the face and operating mechanism of the oxygen
regulator. This will provide operational realism yet allow the delivery to the trainee
of either gas system at the discretion of the chamber operator. In this way, the same
size training classes can be accommodated as presently exist at the physlologinl
trainring sites. Additionally, due to the time saved by not preoxygenating and by not
having to ascend and descend the chamber, training quotas could he increased, thus
bringing greater efficiency to the training site and thereby returning the aircrew
personnel back to their squadrons and into their aircraft more quickly. t

RECOMMENDATIONS

A new training scenario is recommended to conduct hypoxia demonstrations on aircrewpersonnel in a manner that will satisfy training objectives while alleviatng all

potential for DCS. The scenario is as follows: (a) conduct a classroom presentation on
aerocedical factors threatening to the aircrew personnel in flight; (b) provide a
classroom briefing on chamber training, hypoxia demonstrations, and emergency procedures
(e.g., fire, etc.); (c) enter decompression chamber and don communication helmet and
oronasal mask delivering air at ground level pressure; (d) check trainees for ease of
communicating and breathing; (el chamber operator will initiate flow of mixed gases (7,4%
oxygen and 92.6% nitrogen at ground level pressure) to one-half of the trainees and start
the stopwatch for the hypoxic period; M) one-half of the trainees will begin performing
their preassigned, mission oriented hypoxia demonstrations; (g) when the trainees feel
the signs and symptoms of hypoxia, they are instructed to turn their individual oxygen
regulator from the normal (ambient) oxrgen position to the 100% oxygen position; (h) by
four minutes, medical attendants will ensure all trainees are switched to 100% oxygen ard
fully recovered from hypoxia symptoms; (i) the other half of the trainees now perform -

their hypoxia demonstrations exactly as performed by the first group; (J) trainees
individually report their own symptoms of hypoxia; (k) chamber operator will instruct the
trainees on breathing and communicating against positive pressure breathig: (1) under 3
the watchful eye of the medical attendants, each trainee will demonstrate the valsalva
technique to practice clearing the ears ano sinuses; Wml trainees will remove helmets arnd
oroasal mask and return to the classroom for a chamber training debrief and continue J
their training evolution.

SThe advantage in dividing the trainees' hypoxia demonstration into two groups is to
permit obiective as well as sibjfctive symptoms to be iewed and experienced.

The trainees will denitrogenate for approximately six minutes during the recovery and "
hypoxia symptoms reporting periods. Ten minutes of additional denitrogenation will occur
during the positive pressure brea t!ng demonstration and valsalva practice session. The
first group to demonstrate hypoxIa will receive another four to five minutes of breathing

100% oxygen while the secorl group experiences hypoxia. Accordingly, trainees will
1denitrogenate from 16 to 21 minutes after their groufid level hypox'a experience.

CONCLUSIONS

The increased Incidence in decompression sickness during physiology training among
U. S. Navy aircrew personnel and medical attendants requires a search for alternative
means of permitting recognition and corrective action of hypoxia. The requiremerit for
individual hypoxIa training is considered valid not Just by Navy reygtiationi but by
aeromedical practitioners throughout the world. A propusal Is made to utilize a gas
mixture consisting of 7.4% oxygen and 92.6% nitrogen to induce hypoxia at ground level.
This would permit ground level hypoxia training with similar symptoms of hypoxia as
presently demonstrated at 25,900 feet in a decompression chamber but would alleviate the
primary cause of decompression sickness. All other U. S. Navy training objectives for
the chamber exposure would be safely met and more efficiently demonstrated.

The Initial financial burden in modifying the existing decompression training
chambers would be moderate when considering development and manufacturing of a new -

training device.

The ultimate gain exists In decreased human suffering and the necessary return of
credibility to the aeromedical training community. This is a must if we are to profess
to 'DO NO HARM."
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